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I 


PHYSICS AND WORLD PHILOSOPHY 


The subject of this chapter is the connection 
between physics and the endeavor to attain a gen¬ 
eral philosophy of the world; and it may well be 
asked wherein this connection consists. Physics, it 
may be urged, is solely concerned with the objects 
and events of inanimate nature, while a general 
philosophy, if it is to be at all satisfactory, must 
embrace the whole of physical and intellectual life 
and must deal with questions of the soul, including 
the highest problems of ethics. 

At first sight this objection may seem convinc¬ 
ing. Yet it will not bear closer investigation. In the 
first place inanimate nature is, after all, part of the 
world, so that any philosophy of the world claiming 
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to be truly comprehensive must take notice of the 
laws of inanimate nature; and in the long run such 
a philosophy becomes untenable if it conflicts with 
inanimate nature. I need not here refer to the con¬ 
siderable number of religious dogmas to which 
physical science has dealt a fatal blow. 

The influence of physics upon a general world 
philosophy is not, however, confined to such a 
negative or merely destructive activity; its contri¬ 
bution in a positive sense is of much greater im¬ 
portance. This is true with regard both to form and 
to content. It is common knowledge that the 
methods of physical science have proved so fruitful 
largely on account of their exactness and have on 
this account provided a model for not strictly 
scientific studies; while in regard to content it 
should be said that every science has its roots in 
life and that similarly physics can never be com¬ 
pletely separated from its student; every student, 
after all, is a personality equipped with a set of 
intellectual and ethical properties. Hence the gen¬ 
eral philosophy of the student will always have 
some influence on his scientific work, while con¬ 
versely the results of his studies cannot but exert 
some influence on his general philosophy. It will 
be the chief purpose of the present chapter to dem¬ 
onstrate this in detail with respect to physics. 
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I propose to begin with a general consideration. 
Any scientific treatment of a given material de¬ 
mands the introduction of a certain order into the 
material dealt with: the introduction of order and 
of comparison is essential if the available and stead¬ 
ily increasing matter is to be grasped; and the 
obtaining of such a grasp is essential if the prob¬ 
lems are to be formulated and pursued. Order, how¬ 
ever, demands classification; and to this extent any 
given science is faced by the problem of classifying 
the available material according to some principle. 
The question then arises, what is to be this prin¬ 
ciple? Its discovery is not only the first but, as 
ample experience proves, frequently the decisive 
step in the development of any given science. 

It is important at this point to state that there is 
no one definite principle available a priori and 
enabling a classification suitable for every purpose 
to be made. This applies equally to every science. 
Hence it is impossible in this connection to assert 
that any science possesses a structure evolving from 
its own nature inevitably and apart from any arbi¬ 
trary presupposition. It is important that this fact 
should be clearly grasped; it is of a fundamental 
significance because it demonstrates that it is essen¬ 
tial, if there is to be any scientific knowledge, to 
determine the principle in accordance with which 
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its studies are to be pursued. This determination 
cannot be made merely in accordance with prac¬ 
tical considerations; questions of value also play 
their part. 

Let us take a simple example from the most ma¬ 
ture and exact of all sciences, mathematics. Math¬ 
ematics deals with the magnitude of numbers. In 
order to obtain a survey of all numbers the obvious 
method would be to classify them by magnitude; 
in which case any two numbers are close to each 
other in proportion as the difference between them 
is small. Let us take two numbers which are prac¬ 
tically equal in magnitude, one of them being the 
square root of 2 and the other 1.41421356237. 
The former figure is a few billionths greater than 
the latter and in every numerical calculation in 
physics or in astronomy the two numbers can be 
treated as completely identical. So soon, however, 
as numbers are classified in accordance with their 
origin, and not in accordance with their magnitude, 
a fundamental difference between the two numbers 
arises. The decimal fraction is a rational number 
and can be expressed by the ratio between two 
integers, while the square root is irrational and can¬ 
not be so expressed. If now it is asked whether 
these two numbers are closely related to each other 
or not, then any dispute on this question formu- 
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lated in this manner would have no more meaning 
than a dispute between two persons facing each 
other and debating which side was right and which 
left. 

I have taken this simple example because I am 
convinced that many scientific controversies, and 
among them many which aroused a maximum of 
bitterness, have ultimately been due to the fact that 
the two opponents were, without clearly stating it, 
employing different principles of classification in 
the arrangement of their arguments. Every kind of 
classification is inevitably vitiated by a certain ele¬ 
ment of caprice and hence of onesidedness. The 
selection of the principle of classification is even 
more important in the natural sciences. As an ex¬ 
ample one might take botany. Some kind of nomen¬ 
clature is essential and hence all plants must be 
divided according to species, genera, families, etc. 
But according as different principles of classifica¬ 
tion were selected, so different systems evolved. In 
the history of botany there have sometimes been 
sharp controversies between these systems, none of 
which can claim infallibility since each is affected 
by subjective bias. The natural system of plants 
now in general use, although superior to the earlier 
artificial systems, is not definitive nor clearly deter¬ 
mined in every detail, but is subject to certain fluc- 
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tuations corresponding to the different attitudes 
taken by leading investigators to the question of 
the most expedient principle of classification. 

The necessity of introducing some classification 
and the caprice attaching to it is most striking and 
significant, however, in the non-scientifie studies 
and especially in history. Whether history is classi¬ 
fied vertically or horizontally, whether it is arranged 
according to political, ethnographic, linguistic, so¬ 
cial, or economic principles, the necessity contin¬ 
ually arises of making distinctions which are seen 
on close consideration to be fluid and inadequate 
for the simple reason that any kind of classification 
inevitably separates cognate subjects and sunders 
closely allied matters. Thus every science contains 
an element of caprice and hence of transitoriness 
in its very structure, a defect which cannot be erad¬ 
icated because it is rooted in the nature of the case. 

In turning to physics we are now faced by the 
task of classifying under various groups the events 
which we study. This much is a preliminary de¬ 
mand. Now all physical experiences are based upon 
our sense-perceptions, and accordingly the first and 
obvious system of classification was in accordance 
with our senses. Physics was divided into mechan¬ 
ics, acoustics, optics, and heat. These were treated 
as distinct subjects. In course of time, however, it 
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was seen that there was a close connection between 
these various subjects, and that it was much easier 
to establish exact physical laws if the senses are 
ignored and attention is concentrated on the events 
outside the senses—if, for example, the sound 
waves emanating from a sounding body are dealt 
with apart from the ear, and the rays of light ema¬ 
nating from a glowing body apart from the eye. 
This leads to a different classification of physics, 
certain parts of which are re-arranged, while the 
organs of sense recede into the background. Ac¬ 
cording to this principle the heat rays emanating 
from a hot stove ceased to be the province of heat 
and were assigned to optics, where they were dealt 
with as though entirely similar to light waves. 
Admittedly such a re-arrangement, neglecting as it 
does the perceptions of the senses, contains an ele¬ 
ment of bias and arbitrariness. Goethe, who always 
insisted on the primacy of the senses, would have 
been horrified by such an arrangement; for Goethe 
always concentrated on the event in its totality, 
insisted on the superiority of the immediate sen¬ 
sation and hence would never have agreed to a dis¬ 
tinction between the organ of sight and the source 
of light. 


If the eye were not of the nature of the sun 
How could we see the light? 





THE PHILOSOPHY OF PHYSICS 


Yet it may be presumed that, had he lived a century 
later, Goethe would not have objected to the sooth¬ 
ing light of an electric bulb on his desk, although its 
invention was made possible only by the particular 
physical theory which he had so vigorously opposed. 

Neither Goethe nor his great adversary Newton 
could have suspected while alive that this success¬ 
ful theory when consistently developed was doomed 
to give way to the opposite onesidedness. I do not 
wish to anticipate, however, and now revert to a 
description of the further development of physics. 

Once the specific perceptions of the senses as 
fundamental concepts of physics had been elimi¬ 
nated from that science, it was a logical step to 
substitute suitable measuring instruments for the 
organs of sense. The eye gave way to the photo¬ 
graphic film, the ear to the vibrating membrane, 
and the skin to the thermometer. The introduction 
of self-registering apparatus further eliminated 
subjective sources of error. The essential character¬ 
istic of this development, however, did not consist 
in the introduction of new measuring instruments 
of steadily growing sensitiveness and exactitude: 
the essential point was that the assumption that 
measurement gave immediate information about 
the nature of a physical event—whence it followed 
that the events were independent of the instruments 
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used for measuring them—now became the foun¬ 
dation of the theory of physics. On this assumption 
a distinction must be made, whenever a physical 
measurement takes place, between the objective 
and actual event, which takes place completely in¬ 
dependently, and the process of measuring, which 
is occasioned by the event and renders it percep¬ 
tible. Physics deals with the actual events, and its 
object is to discover the laws which these events 
obey. 


This method of interrogating nature has been 
justified in the past by the wealth of results ob¬ 
tained by classical physics; for classical physics 
followed the methods indicated by this view and the 
results applied in practical life to applied science 
and to kindred pursuits are familiar and visible to 
all. A detailed description is hence unnecessary. 

Encouraged by this success physicists proceeded 
on the road which they had entered. They continued 
to apply the principle of divide et impera. After the 
actual events had been separated from the measur¬ 
ing instruments bodies were divided up into mole¬ 
cules, molecules into atoms, and atoms into protons 
and electrons. Simultaneously space and time 
were divided into infinitely small intervals. Every¬ 
where rigorous laws were sought and found; as the 
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process of sub-division went on, so the laws assumed 
simpler forms and there seemed to be no reason for 
not assuming that it might prove possible to reduce 
the laws of the physical macrocosm to the same 
spatial-temporal differential equations which are 
valid for the microcosm. These equations would 
then give for any given initial state of nature the 
recurring changes and hence by integration the 
states for all future time, a view of the physical 
events of the world as comprehensive as it was sat¬ 
isfactory by reason of its harmony. 

The surprise was all the more striking and un¬ 
pleasant when, at the beginning of the present 
century, the increasing delicacy and number of avail¬ 
able methods of measurement showed, first in the 
field of heat radiation, later in that of light rays, 
and finally in that of electro-mechanics, that the 
classical theory as described above is faced by an 
insurmountable barrier. It may be best to give an 
example. In order to calculate the movement of an 
electron, classical physics must assume that its state 
is known, and this state embraces its position and 
its velocity. Now it was found that every method 
permitting of an exact measurement of the elec¬ 
tron’s position prohibits an exact measurement of 
its velocity: and it was further found that the in¬ 
accuracy of the latter measurement varies inversely 
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with the accuracy of the former, and vice versa, the 
phenomenon being governed by a law which is 
accurately defined by the magnitude of Planck’s 
quantum. If the position of the electron is known 
exactly its velocity is not known at all, and vice 
versa. 

Clearly in these circumstances the differential 
equations of classical physics lose their fundamen¬ 
tal importance; and for the time being the task of 
discovering in all their details the laws underlying 
the real physical processes must be regarded as 
insoluble. But of course it would be incorrect to 
infer that no such laws exist: the failure to discover 
a law will, on the contrary, have to be attributed 
to an inadequate formulation of the problem and a 
consequently incorrect posing of the question. The 
question now is wherein the mistake consists and 
how it can be removed. 

It should be stressed first that it would be incor¬ 
rect to speak of a breakdown of theoretical physics 
in the sense that everything achieved hitherto must 
be regarded as incorrect and must hence be re¬ 
jected. The successes attained by classical physics 
are far too important to permit such drastic action. 
It is not the case that a new structure has to be 
erected, but that an old theory must be extended 
and elaborated, this being true especially with re- 
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gard to micro-physics; in the field of macro-physics, 
which deals with relatively large bodies and spaces 
of time, the classical theory will always retain its 
importance. Clearly, then, the mistake does not lie 
in the fundamentals of the theory but in the fact 
that among the assumptions used for building it up 
there must be one to which the failure is due, the 
elimination of which would allow the theory to be 
further extended. 

Let us consider the facts of reality. Theoretical 
physics is based on the assumption that there exist 
real events not depending upon our senses. This 
assumption must in all circumstances be main¬ 
tained; and even physicists of positivist leanings 
make use of it. Even if this school maintains that 
the priority of the sense data is the sole foundation 
of physics, it is yet compelled, in order to escape 
an irrational solipsism, to assume that there are 
such things as individual deceptions of the senses 
and hallucinations; and these can be eliminated 
only on the assumption that physical observations 
can be reproduced at will. This, however, implies 
what is not evident a priori, namely, that the func¬ 
tional relations between sense data contain certain 
elements not depending upon the observer’s person¬ 
ality nor upon the time and place of observation. 
It is precisely these elements which we describe as 
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the real part of the physical event and of which we 
attempt to discover the laws. 

We saw above that classical physics, besides as¬ 
suming the existence of real events, has always fur¬ 
ther assumed the possibility of obtaining a complete 
grasp of the laws governing the real events, the 
method of obtaining this grasp being a progressive, 
spatial and temporal sub-division in the direction 
of the infinitely small. More closely considered this 
assumption must be largely modified, since it leads, 
e.g., to the conclusion that the laws governing a real 
event can be completely understood if it is sepa¬ 
rated from the event by which it is measured. Now 
evidently the process of measuring can inform us 
about the real event only if there is some kind of 
causal connection between the two, and if there is 
such a connection, then the process of measuring 
will, in some degree, influence and disturb the event, 
with the consequence that the result of the meas¬ 
urement is falsified. This falsification and the con¬ 
sequent error will be great in proportion as the 
causal nexus between the real objective and the 
measuring instrument is close and delicate; it will 
be possible to reduce it by relaxing the causal nexus 
or, to express it differently, by increasing the causal 
distance between the object and the measuring in¬ 
strument. It is never possible to eliminate the inter- 
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ference altogether, since, if the causal distance is 
assumed to be infinitely great, i.e., if we completely 
sever the object from the measuring instrument, we 
learn nothing at all about the real event. Now the 
measuring of single atoms and electrons requires 
extremely delicate and sensitive methods and hence 
implies a close causal nexus; the exact determina¬ 
tion of the position of an electron therefore implies 
a relatively powerful interference with its motion; 
and conversely the exact measurement of the veloc¬ 
ity of an electron requires a relatively lengthy time. 
In the first case there is interference with the elec¬ 
tron’s velocity; in the second, its position in space 
becomes indefinite. This is the causal explanation 
of the inaccuracy described above. 

Convincing as these considerations may appear, 
they do not reach the core of the problem. The fact 
that a physical event is interfered with by the meas¬ 
uring instrument is familiar in classical physics; 
and at first it is not apparent why increasing im¬ 
provements in methods of measuring should not 
permit us ultimately to calculate in advance the 
amount of the interference when dealing with elec¬ 
trons. If, therefore, we wish to understand the fail¬ 
ure of classical physics in the microcosm, we must 
carry our investigations somewhat deeper. 

The study of this question was carried forward 
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considerably by the establishment of quantum me¬ 
chanics or wave mechanics, from whose equations 
observable atomic processes can be calculated in 
advance. If the rules are observed the results of 
such calculation agree exactly with experience. It 
is true that, unlike classical mechanics, quantum 
mechanics does not give the position of an individ¬ 
ual electron at any given time; what it does is to 
state the probability that an electron will be at a 
given place at a given time; or alternatively, given 
a multitude of electrons, it states the number which 
in any given time will be at a given place. 

This is a law of a purely statistical character. 
The fact that it has been confirmed by all measure¬ 
ments hitherto made, and the further fact that there 
is such a thing as the uncertainty relation, has in¬ 
duced certain physicists to conclude that statistical 
laws are the only valid foundations of every phys¬ 
ical law, more particularly in the field of atomic 
physics; and to declare that any question about the 
causality of individual events is, physically, mean¬ 
ingless. 

We here reach a point whose discussion is of 
particular importance, since it leads us to a funda¬ 
mental question: what is the task and what are the 
achievements of physics ? If we hold that the object 
of physics is to discover the laws governing the re- 
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lation between the real events of nature, then cau¬ 
sality becomes a part of physics, and its deliberate 
elimination must give rise to certain misgivings. 

It should first be observed that the validity of 
statistical laws is entirely compatible with a strict 
causality. Classical physics contains numerous ex¬ 
amples. Thus, we may explain the pressure of a gas 
on the wall of the containing vessel as due to the 
irregular impingement of numerous gas molecules 
flying about in all directions; but this explanation 
is compatible with the admission that the impinge¬ 
ment of any one molecule upon another or upon 
the wall is governed by law and hence is completely 
determined causally. It may be objected that a strict 
causality can be regarded as definitely proved only 
if we are in a position to predict the entire course 
of the event; and it might be added that nobody can 
check the movement of any single molecule. To this 
we might reply that a rigorously exact prediction 
is never possible of any natural event, so that the 
validity of the law of causality can never he dem¬ 
onstrated by an immediate and exact experiment, 
since every measurement, however exact, inevitably 
involves certain errors of observation. Yet in spite 
of this the result of the measurement as well as 
individual errors of observation are attributed to 
definite causes. When we watch the waves breaking 
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on the sea shore, we have every right to feel con¬ 
vinced that the movement of every bubble is due 
to strict causal law, although we could never hope 
to follow its rise and fall, still less to calculate it in 
advance. 

It is at this point that the uncertainty relation is 
brought forward. While classical physics was fash¬ 
ionable, it might be hoped that the inevitable errors 
of observation could be reduced beneath any given 
limit by an appropriate increase in the accuracy of 
measurements. This hope was destroyed by the dis¬ 
covery of Planck’s quantum, since the latter implies 
a fixed objective limitation of the exactitude which 
can be reached, within which limit there is no cau¬ 
sality but only doubt and contingency. 

We have already prepared a reply to this objec¬ 
tion. The reason why the measurements of atomic 
physics are inexact need not necessarily be looked 
for in any failure of causality; it may equally well 
consist in the formulation of faulty concepts and 
hence of inappropriate questions. 

It is precisely the reciprocal influence between 
the measurement and the real event which enabled 
us to understand the uncertainty relation at least 
to a certain degree. According to this view we can 
no more follow the movement of the individual 
electron than we can see a colored picture whose 
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dimensions are smaller than the wave length of its 
color. 

It is true that we must reject as meaningless the 
hope that it might eventually prove possible indefi¬ 
nitely to reduce the inaccuracy of physical meas¬ 
urements by improving the instrument. Yet the 
existence of an objective limit like Planck’s quan¬ 
tum is a sure indication that a certain novel law is 
at work which has certainly nothing to do with 
statistics. Like Planck’s quantum every other ele¬ 
mentary constant, e.g., the charge or mass of an 
electron, is a definite real magnitude; and it seems 
wholly absurd to attribute a certain fundamental 
inexactitude to these universal constants, as those 
who deny causality would have to do if they wish 
to remain consistent. 

The fact that there is a limit to the accuracy of 
the measurements in atomic physics becomes fur¬ 
ther intelligible if we consider that the instruments 
themselves consist of atoms and that the accuracy 
of any measuring instrument is limited by its own 
sensitiveness. A weigh-bridge cannot weigh to the 
nearest milligramme. 

Now what can we do if the best that we have is a 
weigh-bridge and there is no hope of obtaining any¬ 
thing more accurate? Would it not be better to give 
up hope of obtaining exact weights and to declare 
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the pursuit of the milligramme to be meaningless, 
rather than to pursue a task which cannot be solved 
by direct measurement? This argument under¬ 
estimates the importance of theory: for theory takes 
us beyond direct measurement in a way which can¬ 
not be foretold a priori , and it does so by means of 
the so-called intellectual experiments which render 
us largely independent of the defects of the actual 
instruments. 

It is wholly absurd to maintain that an intellec¬ 
tual experiment is important only in proportion as 
it can be checked by measurement; for if this were 
so, there could be no exact geometrical proof. A 
line drawn on paper is not really a line but a more 
or less narrow strip, and a point a larger or smaller 
spot. Yet nobody doubts that geometrical construc¬ 
tions yield a rigorous proof. 

The intellectual experiment carries the mind of 
the investigator beyond the world and beyond 
actual measuring instruments and enables him to 
form hypotheses and to formulate questions which, 
when checked by actual experiment, enable him to 
perceive new laws even when these do not admit of 
direct measurement. An intellectual experiment is 
not tied down to any limits of accuracy, for thoughts 
are more subtle than atoms or electrons, nor is 
there any danger that the event which is measured 
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can be influenced by the measuring instrument. 
An intellectual experiment requires one condition 
only for its success, and this is the admission of 
the validity of any non-self-contradictory law gov¬ 
erning the relations between the events under ob¬ 
servation. We cannot hope to find what is assumed 
not to be existent. 

Admittedly an intellectual experiment is an ab¬ 
straction; an abstraction, however, as essential to 
the experimenter and to the theorist as the abstract 
assumption that there is a real external world. 
Whenever we observe an event taking place in na¬ 
ture we must assume that something is happening 
independently of the observer, and conversely we 
must endeavor to eliminate as far as possible the 
defects of our senses and of our methods of meas¬ 
urement in order to grasp the details of the event 
with greater perfection. There is a kind of opposi¬ 
tion between these two abstractions: while the real 
external world is the object, the ideal spirit which 
contemplates it is the subject. Neither can be log¬ 
ically demonstrated and hence no reductio ad 
absurdum is possible if their existence is denied. 
The history of physics bears witness, however, that 
they have played a decisive part throughout its 
development. The choicest and most original minds, 
men like Kepler, Newton, Leibniz, and Faraday, 
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were inspired by the belief in the reality of the 
external world and in the rule of a higher reason 
in and beyond it. 

It should never be forgotten that the most vital 
ideas in physics have this two-fold origin. In the 
first instance the form which these ideas take is due 
to the peculiar imagination of the individual sci¬ 
entist: in course of time, however, they assume a 
more definite and independent form. It is true that 
there have always been in physics a number of 
erroneous ideas on which a quantity of labor was 
wasted: yet on the other hand many problems 
which were at first rejected as meaningless by keen 
critics were eventually seen to possess the highest 
significance. Fifty years ago positivist physicists 
considered it meaningless to ask after the deter¬ 
mination of the weight of a single atom—an illu¬ 
sory problem not admitting scientific treatment. 
To-day the weight of an atom can be stated to 
within its ten-thousandth part, although our most 
delicate scales are no more fit to weigh it than a 
weigh-bridge is to determine milligrammes. One 
should therefore beware of declaring meaningless a 
problem whose solution is not immediately appar¬ 
ent; there is no criterion for deciding a priori 
whether any given problem in physics has a mean¬ 
ing or not, a point frequently overlooked by the 
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positivists. The only means of judging a problem 
correctly consists in examining the conclusions to 
which it leads. Now the assumption that there are 
rigid laws applicable to physics is of such funda¬ 
mental importance that we should hesitate before 
we declare the question whether such laws are 
applicable to atomic physics to be a meaningless 
one. Our first endeavor, on the contrary, should be 
to trace out the problem of the applicability of laws 
in this field. 

Our first step should be to ask why classical 
physics fails in the question of causality when the 
interference arising from the measuring instrument 
and the inadequate accuracy of the latter are both 
insufficient to explain this failure. Plainly we are 
forced to adopt the obvious but radical assumption 
that the elementary concepts of classical physics 
cease to be applicable in atomic physics. 

Classical physics is based on the assumption that 
its laws are most clearly revealed in the infinitely 
small; for it assumes that the course of a physical 
event anywhere in the universe is completely deter¬ 
mined by the state prevailing at this place and its 
immediate vicinity. Hence such physical magni¬ 
tudes relating to the state of the physical event as 
position, velocity, intensity of the electric and mag¬ 
netic field, etc., are of a purely local character, and 
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the laws governing their relation can be completely 
expressed by spatial-temporal differential equations 
between these magnitudes. Clearly, however, this 
will not suffice for atomic physics, so that the above 
concepts must be made more complete or more uni¬ 
versal. In which direction, however, is this to be 
done? Some indication may perhaps be found in the 
recognition, which is daily spreading wider, that 
the spatial-temporal differential equations do not 
suffice to exhaust the content of the events within 
a physical system and that the liminal conditions 
must also be taken into consideration. This applies 
even to wave mechanics. Now the field of the lim¬ 
inal conditions is always finite and its immediate 
interference in the causal nexus is a new manner 
of looking at causality and one hitherto foreign to 
classical physics. 

The future will show whether progress is pos¬ 
sible in this direction and how far it will lead. But 
whatever results it may ultimately reveal, it is cer¬ 
tain that it will never enable us to grasp the real 
world in its totality any more than human intelli¬ 
gence will ever rise into the sphere of ideal spirit: 
these will always remain abstractions which by 
their very definition lie outside actuality. Nothing, 
however, forbids us to believe that we can progress 
steadily and without interruption to this unattain- 
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able goal; and it is precisely the task of science with 
its continual self-correction and self-improvement 
to work in this direction without cease once it has 
been recognized that it is a hopeful direction. This 
progress will be a real one and not an aimless zig¬ 
zag, as is proved by the fact that each new stage 
reached enables us to survey all the previous stages, 
while those which remain to be covered are still 
obscure; just as a climber trying to reach higher 
altitudes looks down upon the distance he has cov¬ 
ered in order to gain knowledge for the further 
ascent. A scientist is happy, not in resting on his 
attainments but in the steady acquisition of fresh 
knowledge. 

I have so far confined myself to physics; but it 
may be felt that what has been said has a wider 
application. Natural science and the intellectual 
sciences cannot be rigorously separated. They form 
a single inter-connected system, and if they are 
touched at any part the effects are felt through all 
the ramifications of the whole, the totality of which 
is forthwith set in motion. It would be absurd to 
assume that a fixed and certain law is predominant 
in physics unless the same were true also in biology 
and psychology. 

We may perhaps here deal with free will. Our 
consciousness, which after all is the most imme- 
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diate source of cognition, assures us that free will 
is supreme. Yet we are forced to asked whether 
human will is causally determined or not. Put in 
this way the question, as I have frequently tried to 
show, is a good example of the kind of problem 
which I have described as illusory, by which I mean 
that, taken literally, it has no exact meaning. In 
the present instance the apparent difficulty is due 
to an incomplete formulation of the question. The 
actual facts may be briefly stated as follows. From 
the standpoint of an ideal and all-comprehensive 
spirit, human will, like every material and spiritual 
event, is completely determined causally. Looked 
at subjectively, however, the will, in so far as it 
looks to the future, is not causally determined, 
because any cognition of the subject’s will itself 
acts causally upon the will, so that any definitive 
cognition of a fixed causal nexus is out of the ques¬ 
tion. In other words, we might say that looked at 
from outside (objectively) the will is causally de¬ 
termined, and that looked at from inside (subjec¬ 
tively) it is free. There is here no contradiction, any 
more than there was in the previous debate about 
the right- and left-hand side, and those who fail to 
agree to this overlook or forget the fact that the 
subject’s will is never completely subordinate to its 
cognition and indeed always has the last word. 
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In principle, therefore, we are compelled to give 
up the attempt to determine in advance the motives 
guiding our actions on purely causal lines, i.e., by 
means of purely scientific cognition; in other 
words, there is no science and no intellect capable 
of answering the most important of all the ques¬ 
tions facing us in our personal life, the question, 
that is, how we are to act. 

It might thus be inferred that science ceases to 
play a part as soon as ethical problems arise. Yet 
such an inference would be wrong. We saw above 
that in dealing with the structure of any science, 
and in discussing its most suitable arrangement, a 
reciprocal inter-connection between epistomologi- 
cal judgments and judgments of value was found 
to arise, and that no science can be wholly disen¬ 
tangled from the personality of the scientist. Mod¬ 
ern physics has given us a clear indication pointing 
in the same direction. It has taught us that the 
nature of any system cannot be discovered by divid¬ 
ing it into its component parts and studying each 
part by itself, since such a method often implies 
the loss of important properties of the system. We 
must keep our attention fixed on the whole and on 
the inter-connection between the parts. 

The same is true of our intellectual life. It is 
impossible to make a clear cut between science. 
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religion, and art. The whole is never equal simply 
to the sum of its various parts. And this is true also 
of mankind. It would be folly to attempt to obtain 
an understanding of mankind by studying a number 
of men however great; for each individual belongs 
to some community, to a family, a clan, or a nation 
—a community of which he must form a part, to 
which he must subordinate himself, and from 
which he cannot sever himself with impunity. For 
this reason every science, like every art and every 
religion, has grown up on a national foundation. 
It was the misfortune of the German people that 
this was forgotten for so many years. 

It may be said that there is nothing new in this, 
and that it can be acknowledged without the aid of 
physics. This is true; and all that I wish to show 
is that the position of physics, far from being 
unique, leads us to the same results and the same 
views as every other science, however different may 
be the point from which it starts. The real strength 
of its position is, in fact, seen if our argument is 
further developed; for it is only then that its tend¬ 
ency can be most clearly seen, which is to disregard 
its immediate origin and to expand in every direc¬ 
tion like a healthily growing tree which tends to 
grow into the air and to stretch its branches in every 
direction, though at the same time it remains firmly 
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rooted in the soil. If science is unable or unwilling 
to extend beyond the limits of the nation it is un¬ 
worthy of the name of science; and in this connec¬ 
tion physics enjoys an advantage over other 
branches of science. Nobody will dispute that the 
laws of nature are the same in every country; so 
that physics is not compelled to establish its inter¬ 
national validity, unlike history where it has ac¬ 
tually been asked whether an objective history can 
be an ideal to be aimed at. Ethics also is supra¬ 
national, otherwise ethical relations could not exist 
between the members of different nations. Here 
again physics takes up a strong position. Scien¬ 
tifically it is based on the principle that it must con¬ 
tain no contradiction, which in terms of ethics 
implies honesty and truthfulness; and these quali¬ 
ties are valid for all civilized nations and for all 
time; so that this scientific principle may claim to 
rank among the first and most important of virtues. 
I do not think that I exaggerate in saying that an 
infraction of this ethical demand is discovered and 
repudiated more quickly and certainly in physics 
than in any other science. 

It is rather shocking to notice the difference be¬ 
tween such strictness and the thoughtless laxity 
with which similar faults are accepted in everyday 
life. I have not so much in mind the so-called con- 
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ventional falsehoods which in practice are harm¬ 
less and to a certain extent indispensable to daily 
intercourse: conventional falsehoods do not deceive 
precisely because they are conventional. The harm 
begins where there is an intention to deceive the 
other party and to convey to him a faulty impres¬ 
sion. It is the duty of those who work in responsible 
positions to reform this matter ruthlessly as well 
as to set an example worth following. 

Justice is inseparable from truthfulness: justice, 
after all, simply means the consistent application 
in practice of the ethical judgments which we pass 
on opinions and actions. The laws of nature remain 
fixed and unchanged whether applied to great or to 
small phenomena, and similarly the communal life 
of men requires equal right for all, for great and 
small, for rich and poor. All is not well with the 
State if doubts arise about the certainty of the law, 
if rank and family are respected in the courts, if 
defenseless persons feel that they are no longer 
protected from the rapacity of powerful neighbors, 
and if the law is openly wrenched on grounds of 
so-called expediency. The populace has a keen 
sense of the security of the law, and nothing ren¬ 
dered Frederick the Great more popular than the 
legend of the miller of Sans Souci. Such principles 
made Germany and Prussia great; it is to be hoped 
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that they will never be lost, and it is the duty of 
every patriot to work for their preservation and 
consolidation. 

At the same time it must be understood that the 
goal at which we aim—a permanently satisfactory 
condition—can never be attained in its perfection. 
The best and maturest ethical principles must fail 
to take us to an ideal perfection: they can never 
do more than indicate the direction in which we 
can look for our ideal. If these facts are disregarded 
there is a danger that the seeker may despair alto¬ 
gether or may doubt the value of ethics, a state in 
which, especially if he is honest in his dealings with 
himself, he may easily end by attacking ethics. 
There are numerous examples of this among the 
philosophies of ethics. The case here is the same 
as in science: what is important is not to have a 
permanent possession but to work unceasingly to¬ 
wards the ideal aim, to struggle daily and hourly 
towards a renewal of life, and despite every set-back 
to strive towards improvement and perfection. 

Yet in the end we may be tempted to ask whether 
such an unceasing though fundamentally hopeless 
struggle is not wholly unsatisfactory. It may be 
asked whether a philosophy has any value at all if 
its votaries are left without a single fixed point 
affording them a firm and immediate security in 
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the continual perplexity and hurry of their exist¬ 
ence. 

Fortunately this question admits of an answer in 
the affirmative. There is a fixed point and a secure 
possession which even the least of us can call his 
own at all times; an inalienable treasure which 
guarantees to thinking and feeling men their high¬ 
est happiness, since it assures their peace of mind, 
and thus has an eternal value. This possession is a 
pure mind and good will. These afford secure hold¬ 
ing ground in the storms of life and they are the 
primary condition underlying any really satisfac¬ 
tory conduct, as equally they are the best safeguard 
against the tortures of remorse. They are the essen¬ 
tial of every genuine science and they are equally a 
sure standard by which to measure the ethical value 
of every individual. 

Those who are ever striving forward 
Them we can save. 
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Recent developments in physics have shown 
that the hopes of a more profound knowledge of 
nature which had been aroused by the brilliant suc¬ 
cesses of physical studies would have to be subdued 
in certain important points. It was seen, for exam¬ 
ple, that the law of causality could not possibly be 
applied universally in the customary classical form, 
since its application to the world of atoms had 
proved a definite failure. In consequence all per¬ 
sons interested in the meaning and significance of 
scientific study are compelled to examine afresh the 
essential quality of the laws of nature and, more 
especially, to scrutinize the concept of causality. 

It is no longer possible to proceed as Kant did, 
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who treated the law of causality as expressing the 
validity of invariable rules applicable to all events, 
and thus counted it among the categories, regard¬ 
ing it as a form of intuition without which experi¬ 
ence would be impossible. No doubt the Kantian 
principle that certain categories are the a priori 
principles of all experience will remain unshaken 
for all times; yet this tells us nothing about the 
meaning of the individual categories; and the fact 
that the axioms of Euclidian geometry, which Kant 
treated as categories, have latterly proved not only 
capable, but actually in need of modification, has 
rendered physicists very cautious in this respect. 
In order, therefore, to proceed without prejudice, 
we must eschew dangerous assumptions and must 
begin by looking for a really reliable starting-point 
permitting us to introduce the concept of causality. 

When we say that there is a causal connection 
between two consecutive events, we mean that there 
is some kind of law connecting them, the earlier 
event being called the cause, and the later the ef¬ 
fect. The question then arises as to what is the spe¬ 
cific nature of the nexus between them. Is there any 
criterion permitting us to say that a given natural 
event is the effect of another? 

This question is as old as natural science itself, 
and the fact that it is continually being raised dem- 
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onstrates that no definite answer has yet been 
found. This is unsatisfactory: but it becomes less 
so if we consider that it could not be otherwise. 
The hope that it might ever be possible first to pro¬ 
duce an exact definition of causality, and then to 
use this definition as a basis for the investigation 
of the validity of the law of causality in nature, 
could only have been described as naive at an ear¬ 
lier time: to-day, in view of the developments 
which have taken place in the exact study of na¬ 
ture, it could only be described as foolish. In nat¬ 
ural science, as in every other science, it is not the 
case that we begin from fixed fundamental concepts 
and then try to find out whether they are realized 
in the surrounding world. The opposite is true. 
Without previous preparation or information we 
are placed at birth in the very middle of life, and 
in order to find our way through this life which is 
ours whether we want it or not, we try to introduce 
order into our experience. To do this we use the 
mental faculties given to us at birth in order to 
form certain concepts which may be applied to the 
events which we have experienced and are likely 
to experience in future. Clearly such a procedure 
implies arbitrariness and obscurity: innumerable 
facts in every branch of science bear witness to this. 
At this point it must suffice to point out that even 
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in mathematics, the most exact of the sciences, the 
controversy about the origin and meaning of the 
fundamental concepts is more violent to-day than 
ever before. If such is the case with mathematics 
it can hardly be expected that it will be easy to 
define the concept of causality as applied to nature 
in a way that will commend itself to all times and 
all civilizations. 

Yet thinking men have never ceased to show in¬ 
terest in the question of the nature and validity of 
the law of causality; this interest is rapidly growing 
at the moment; and the conclusion to which we are 
led is that causality is something fundamental. We 
suspect that it is ultimately independent of our 
senses and of our intelligence and is deeply rooted 
in that world of reality where a direct scientific 
scrutiny becomes impossible. For surely it will be 
admitted that even if the earth with all its inhabi¬ 
tants were to perish, the cosmic events would still 
continue to obey their causal laws, even though no 
human being were alive to test the meaning and 
justification of such a claim. 

In any case there is only one method of appre¬ 
hending the real nature of causality. This method 
is to begin with the world of data which we possess, 
i.e., our experiences, to generalize, to eliminate as 
far as possible all anthropomorphic elements and 
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thus cautiously to elaborate an objective concept of 
causality. 

The many attempts which have been made in 
this direction show us that the best approach to the 
concept of causality consists in attaching it to the 
capacity of foretelling future events which we have 
acquired and tested in daily experience. And indeed 
there is no better means of demonstrating the 
causal connection between two events than to show 
that the occurrence of the one event can regularly 
pennit us to forecast the occurrence of the other. 
This much was known to the farmer in the story 
who made such a striking demonstration before the 
skeptics of the causal connection between artificial 
manure and the fertility of the soil. The skeptics 
refused to believe that the heavy yield of clover on 
the farmer’s field was caused by artificial manure 
and tried to discover some other reason. Thereupon 
the farmer plowed in lines having the shape of let¬ 
ters and had them manured while leaving the rest 
of his field without manure. When the clover came 
up in the following spring all could plainly read in 
letters of clover: “This portion has been manured 
with gypsum.” 

I propose to commence the next stage with the 
simple and general proposition that an event is 
causally conditioned if it can be foretold with cer- 
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tainty. Of course I mean no more by this than that 
the possibility of correctly foretelling the future is 
a safe criterion of the presence of a causal connec¬ 
tion; I do not mean that the two are identical. To 
take a familiar instance: during the day we can 
foretell the coming of night with certainty and we 
may hence infer that night has a cause; but we do 
not for this reason treat day as being the cause of 
night. On the other hand it frequently happens 
that we assume the existence of a causal nexus 
where it is wholly impossible to make a correct 
forecast. This applies, for example, to the weather. 
The unreliability of weather prophets has become 
proverbial: yet presumably there is no trained 
meteorologist who could not believe the atmos¬ 
pheric events to be causally determined. Thus 
the proposition with which we started is seen to 
possess no more than a provisional value: we must 
go considerably deeper in order to understand the 
real nature of the concept of causality. 

With regard to weather forecasting the obvious 
reflection is that it is unreliable only because the 
object in question, viz., the atmosphere, is so 
extensive and complicated. If we take a small part 
of it, e.g., a liter of air, we are in a much better 
position to foretell correctly its behavior when re¬ 
acting to such external influences as compression, 
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heat, moisture, etc. We are acquainted with certain 
physical laws which enable us to foretell more or 
less exactly the results of measurements we may 
make in order to discover the effects of an increased 
pressure, a higher temperature, condensation, etc. 

On further scrutiny, however, we reach a very 
remarkable discovery. However simple the condi¬ 
tions which we select and however delicate our 
instruments, we shall never be able to calculate in 
advance the result of the measurement with abso¬ 
lute accuracy, i.e., so as to agree to all places of 
decimals with the number measured. There always 
remains an element of inaccuracy. This is not the 
case in purely mathematical calculations, e.g., when 
the square root of 2 is calculated, which can he 
stated with complete accuracy to any number of 
places. And what applies to mechanics and heat is 
true of all the branches of physics, e.g., of electrical 
and optical events. 

The available facts accordingly compel us to 
admit that the state of affairs may be correctly 
summed up by saying that in no single instance 
is it possible accurately to predict a physical event. 

If we place this fact in juxtaposition with the 
proposition from which we started previously, when 
it was said that an event is causally determined if it 
can be accurately predicted, we find ourselves faced 
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with an inconvenient but inescapable dilemma. If 
we rigidly maintain our original proposition then 
nature does not present us with a single instance 
where it is possible to assert that there is a causal 
connection; if we insist that somehow room must 
be found for a strict causality then we are compelled 
in some respect to modify the proposition from 
which we started. 

There are at present a number of physicists and 
philosophers who prefer the first alternative. These 
I propose to call the Indeterminists. They main¬ 
tain that there is no genuine causality or law in 
nature, and that the illusion of their existence is 
due to the fact that certain rules are found to occur 
which are very nearly but not absolutely valid. In 
principle the indeterminist looks for a statistical 
foundation in every physical law, even in that of 
gravitation; all these laws are for him laws of prob¬ 
ability, referring to averages drawn from numerous 
similar observations, claiming no more than an ap¬ 
proximate validity for single observations and 
always admitting exceptions. 

A good example of one of these statistical laws 
can be found in the manner in which the pressure 
exerted by a gas on the wall of the containing vessel 
depends on the density and temperature of the gas. 
The pressure exerted by the gas is caused by the 
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continual impact of extremely numerous molecules 
flying about at high velocity irregularly and in all 
directions. If the total energy exerted by these im¬ 
pacts is calculated, it is found as a result that the 
pressure exerted on the wall of the containing 
vessel is very nearly proportional to the density of 
the gas and to the square of the average velocity 
of the molecules. Further, this calculation agrees 
to a satisfactory degree with actual measurements, 
provided that temperature is regarded as a measure 
of molecular velocity. 

The theory is directly confirmed if we study the 
temporary variations in pressure which are ob¬ 
served if we concentrate upon the pressure exerted 
on any very small portion of the wall of the con¬ 
tainer. If we consider such a portion—e.g., the 
billionth part of a square millimeter—it may occur 
that we find a considerable lime elapsing before a 
molecule happens to hit this particular surface, 
while on the contrary two or even three may strike 
it in quick succession. It is all a matter of 
chance. In these circumstances it is, of course, im¬ 
possible to claim that there is a constant pressure 
exerted by the gas: the pressure, on the contrary, 
is subject to irregular variations. The simple law 
of pressure is valid only for relatively extensive sur¬ 
faces on which a very great number of molecules 
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exert an impact; for here the irregularities cancel 
each other. 

Variations of this kind caused by the irregular 
impact of molecules are observed everywhere where 
molecules in rapid motion are in contact with bodies 
easily set in motion. They can for example also be 
observed in the movements first described by Brown 
and called after him. These are the trembling move¬ 
ments executed by fine particles of dust suspended 
in a liquid and subject to the impacts of the mole¬ 
cules of the liquid. The fact that a very sensitive 
balance never attains rest but continually oscillates 
irregularly around the point of equilibrium, is an¬ 
other instance of this movement. 

Various radio-active phenomena afford another 
example of statistical laws. A radio-active substance 
continuously emits a number of particles having a 
positive or a negative charge, a process due to the 
spontaneous decomposition of its atoms. When 
dealing with comparatively lengthy periods of time, 
we can fairly say that the emission is steady. When 
dealing with briefer periods, however, i.e., with 
those which do not much exceed the average inter¬ 
val between two consecutive emissions, we find that 
the process is entirely irregular. 

Now the indeterminists deal with every physical 
law in the same way as that in which they deal with 
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the laws of the gases and of radio-activity: they 
treat them as being in the last analysis a matter of 
contingency. For them nature is entirely a matter of 
statistics and it is their aim to build up physics on a 
calculus of probability. 

In fact, however, physics has hitherto developed 
on the opposite assumption, and physicists have 
chosen the second of the two above-mentioned alter¬ 
natives. In other words, in order to be preserved 
intact, the principle of causality, according to which 
an event is causally determined only if it can be 
accurately foretold, has been slightly modified. 
What has been done is to change the sense in which 
the term “event” is employed. Theoretical physics 
does not consider an individual measurement as an 
event, because such a measurement always contains 
accidental and unessential elements. By an event, 
physics means a certain merely intellectual process. 
It substitutes a new world in place of that given to 
us by the senses or by the measuring instruments 
which are used in order to aid the senses. This other 
world is the so-called physical world image; it is 
merely an intellectual structure. To a certain extent 
it is arbitrary. It is a kind of model or idealization 
created in order to avoid the inaccuracy inherent in 
every measurement and to facilitate exact defi¬ 
nition. 
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It follows that every measurable magnitude, 
every length, every period of time, every mass, and 
every charge, has a two-fold meaning. It may be 
considered as the immediate result of the measure¬ 
ment, or it may be treated as applied to the model to 
which we give the name of physical world image. 
In the former case it can never be defined exactly, 
and consequently can never be represented by an 
exact figure; in the second case it can be denoted 
by definite mathematical symbols with which we can 
operate in accordance with exact rules. If we speak 
in physics of the height of a tower and use a trigono¬ 
metrical equation for its calculation, we have in 
mind a perfectly defined magnitude; an actual 
measurement of the height, on the other hand, does 
not give us an exact magnitude. Thus the ideal 
height (which can always be calculated with per¬ 
fect accuracy) is always something different from 
the actually measured height, and the same applies 
to the period of oscillation of a pendulum or to the 
brightness of an electric globe. Further, any uni¬ 
versal constant, e.g., the velocity of light in space, 
or the charge of an electron, is not the same in the 
physical world image and in any actual measure¬ 
ment: in the former it is perfectly exact; in the 
latter it is not accurately defined. A clear and con¬ 
sistent distinction between the magnitudes of the 
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world of the senses and the similarly designated 
magnitudes of the world image is indispensable if 
we wish to have a firm grasp of the matter. Without 
it any debate on this question will always lead to 
misunderstandings. 

It is not therefore the case, as is sometimes 
stated, that the physical world image can or should 
contain only directly observable magnitudes. The 
contrary is the fact. The world image contains no 
observable magnitudes at all; all that it contains 
is symbols. More than this: It invariably contains 
certain components having no immediate meaning 
as applied to the world of the senses nor indeed any 
meaning at all, e.g., ether waves, partial oscillations, 
reference coordinates, etc. Such component parts 
may seem to be an unnecessary burden; yet they 
are adopted because the introduction of the world 
image brings with it one decisive advantage. This 
advantage consists in the fact that it permits a strict 
determinism to be carried through. 

It is true that the world image fulfills no more 
than an auxiliary function. In the last analysis it is 
the events of the world of the senses that matter, 
and the desideratum is to calculate them in advance 
as exactly as possible. According to the classical 
theory the procedure is as follows. The object, e.g., 
a system of material bodies, is taken from the world 
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of the senses and is symbolized in any measured 
state; in other words, it is transferred into the world 
image. As a result we obtain a physical structure 
in a certain definite initial state. The external in¬ 
fluences acting upon the object in subsequent time 
are similarly symbolized in terms of the world 
image. As a result of this second step we obtained 
the external forces acting upon the structure; in 
other words, the liminal conditions. These data 
causally determine the behavior of the system for 
all time, and it can be calculated with absolute ac¬ 
curacy from the differential equations furnished by 
theory. In this way the coordinates and the veloci¬ 
ties of all material points of the system are found 
to be perfectly definite functions of time. If now at 
any later point we translate the symbols used for 
the world image back into the world of the senses, 
the result we obtain is that a later event of the 
sense-world has now been connected with an earlier 
event of the sense-world, so that the latter can be 
used in order to allow us to make an approximate 
forecast of the former. 

We can sum up then by saying that, while the 
forecast of any event in the sense-world is always 
subject to a certain inaccuracy, all the events of the 
physical world image happened in accordance with 
certain definite laws which we can formulate so that 
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they are causally determined. Hence, the introduc¬ 
tion of the physical world image enables us to sub¬ 
stitute the inaccuracies inherent in the translation 
of the event from the world of the senses to the 
world image and back from the latter to the former 
for the inaccuracy inherent in forecasting an event 
of the sense-world. It is in this that the importance 
of the physical world image consists. 

Classical theory has tended to disregard the in¬ 
accuracies due to this transference. It has concen¬ 
trated upon applying causality to the events in the 
world image, and by this method has obtained its 
striking successes. It has even succeeded in dis¬ 
covering a satisfactory explanation compatible with 
a strict causality for the above-mentioned irregular 
variations in the pressure of a gas, or in the move¬ 
ments of molecules (Brown’s movement). As for 
the indeterminists, these phenomena do not con¬ 
stitute a problem for them: they look for irregular¬ 
ity behind every rule and statistical laws afford 
them immediate satisfaction. Accordingly, they con¬ 
fine themselves to assuming that the collision be¬ 
tween two molecules or the impact of a single 
molecule on the container is governed by statistical 
laws. Yet there is not really any valid reason for 
this assumption any more than the fact that the 
electrons gather on the surface of a conductor al- 
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lows us to infer that the charge of any individual 
electron is at its surface. The determinists, on the 
other hand, look for a rule behind every irregu¬ 
larity, and it is their task to formulate a theory of 
the laws of the gases on the assumption that the 
collision between any two molecules is causally de¬ 
termined. The solution of this problem was the life- 
work of the great physicist, Ludwig Boltzmann, and 
it is one of the finest triumphs of theoretical in¬ 
vestigation. It does not only lead to the proposition 
that the average energy of the oscillations about the 
point of equilibrium varies as the absolute temper¬ 
ature—a proposition confirmed by measurements— 
but it also permits us to calculate with remarkable 
accuracy the absolute number and mass of mole¬ 
cules impinging, e.g., upon a very sensitive balance, 
simply by measuring its oscillations. 

This success and others of a similar kind seemed 
to warrant the hope that the world image of classical 
physics might on the whole fulfill the task assigned 
to it and that the inaccuracies remaining after the 
process of translation out of and back into the world 
of the senses would ultimately be rendered pro¬ 
gressively insignificant as methods of measurement 
became increasingly accurate. This hope has been 
destroyed for good with the entry on the scene of 
Planck’s quantum. 
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The quantum theory evolved originally from the 
radiation of light and heat; accordingly we may 
well begin at this point by dealing with the proc¬ 
esses of radiation. Numerous facts allow us to re¬ 
gard it as proved that the energy in a beam of light 
of any given color does not move in a steady 
continuous stream, but progresses in individual 
parts called photons, the size of which depends 
exclusively upon the color of the light; these 
photons fly from their source in all directions with 
the velocity of light and to this extent behave in 
accordance with Newton’s emanation theory. Where 
the light is intense the photons follow each other 
so densely that they are practically equivalent to a 
steady continuous stream; however, as the distance 
from their source increases the density of the ray 
decreases and the photons are less close to each 
other, like a jet of water which grows progressively 
thinner until it turns into a number of individual 
drops of a certain magnitude. The characteristic 
fact is that the photons (the “drops” of energy) do 
not grow smaller as the energy of the ray grows 
less; what happens is that their magnitude remains 
unchanged and that they follow each other at 
greater intervals. 

Now it is easy to see that the application of cau¬ 
sality to these events leads us to serious difficulties. 
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Let us take, for example, a ray of a given color fall¬ 
ing upon a highly-polished level sheet of glass. Part 
of the light will then be reflected and another part, 
say three times as much, will pass through the sheet. 
The ratio between these two parts does not depend 
upon the intensity of the light, or, in other words, 
upon the number of photons impinging on the 
glass. This much is shown by experience. Now if 
the number of impinging photons is large, e.g., a 
million, it is easy to state how many will be re¬ 
flected and how many will penetrate: a quarter of 
a million will be reflected, and three-quarters of a 
million will penetrate. If, however, the ray of light 
is extremely weak, a single photon may impinge on 
the sheet, and then the question whether it will be 
reflected or will penetrate is, to say the least of it, 
a source of serious embarrassment. The easiest 
solution would be to divide it into four: but this is 
impossible. 

But worse is to come. In the previous example we 
might find a way out by assuming that, while there 
was a temporary state of uncertainty, there might 
still be some hitherto unknown factor decisively in¬ 
fluencing the photon in one sense or the other. The 
following case, however, seems to be entirely hope¬ 
less. It is a fact that certain colors are reflected by 
preference while others are allowed to penetrate 
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by preference. When a white ray falls on the sheet 
the sheet looks colored in the reflected light and 
also in the penetrating light. The classical wave 
theory of light gives an entirely satisfactory ex¬ 
planation of this phenomenon by saying that the 
light reflected at the front of the sheet interferes 
with that reflected at the back, so that the two re¬ 
flected rays strengthen or weaken each other in 
accordance as the wave crest of one ray coincides 
with the crest or the trough of the other ray. Now 
the wave lengths of different colors are different, so 
that there are differences for the different colors, 
and the differences thus calculated agree exactly 
with actual measurements. This phenomenon, too, 
can be observed with light of the least intensity. 

What happens now when a single photon im¬ 
pinges on the sheet? The photon must interfere 
with itself, since otherwise its wave length could 
not exert any influence. For this purpose, however, 
it would have to separate into parts; and this is 
impossible. We see thus that this view is altogether 
untenable. 

Mechanics is in the same position as optics, as far 
as the quantum theory is concerned. The smallest 
mass points, the electrons, are in the same condition 
as the photons: they interfere with each other. An 
electron having a given velocity in this respect re- 
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sembles a photon of a given power; if it impinges 
upon a sheet of crystal at a certain angle it is either 
reflected by preference or passes through by pref¬ 
erence according to its velocity, and a complete ex¬ 
planation of this phenomenon in all its details is 
afforded by considering the wave length correspond¬ 
ing to its energy. The path taken by the electron 
when impinging upon the sheet has therefore never 
been calculated, and indeed it cannot be calculated. 

The fundamental difficulty of determining the 
place of an electron moving at a certain velocity is 
expressed in a general manner by the uncertainty 
relation originally formulated by Werner Heisen¬ 
berg. This relation is characteristic of quantum 
physics and states among other things that the 
measurement of an electron’s velocity is inaccurate 
in proportion as the measurement of its position in 
space is accurate, and vice versa. It is not hard to 
discover the reason. We can determine the position 
of a moving electron only if we can see it and in 
order to see it we must illuminate it, i.e., we must 
allow light to fall on it. The rays falling on it im¬ 
pinge upon the electron and thus alter its velocity 
in a way which it is impossible to calculate. The 
more accurately we desire to determine the position 
of the electron, the shorter must be the light waves 
employed to illuminate it, the stronger will be the 
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impact, and the greater the inaccuracy with which 
the velocity is determined. 

This much having been discovered it is clearly 
impossible even in principle to transfer into the 
world of the senses with any desired degree of ac¬ 
curacy the simultaneous values of the coordinates 
and of the velocities of material points such as we 
find them at the core of the world image of classical 
physics. This impossibility makes it difficult to 
apply a strict causality and has led certain inde- 
terminists to claim that the law of causality as ap¬ 
plied to physics has been definitely refuted. On 
closer consideration, however, it is seen that this 
conclusion rests upon a confusion between the 
world image and the world of sense; it is at any rate 
premature. It is far more natural to avoid the diffi¬ 
culty by another method, a method which has often 
rendered good services in similar cases and which 
consists in assuming that it is meaningless, with 
respect to physics, to ask for the simultaneous val¬ 
ues of the coordinates and of the velocities of a ma¬ 
terial point or for the path of a photon of a given 
color. Evidently the law of causality cannot be 
blamed because it is impossible to answer a mean¬ 
ingless question; the blame rests with the assump¬ 
tions which lead to the asking of the question, i.e., 
in the present case with the assumed structure of 
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the physical world image. The classical world image 
has failed us and something else must be put in its 
place. 

This has actually been done. The new world 
image of quantum physics is due to the desire to 
carry through a rigid determinism in which there 
is room for Planck’s quantum. For this purpose the 
material point which had hitherto been a funda¬ 
mental part of the world image had to lose this 
supremacy. It has been analyzed into a system of 
material waves, and these material waves are the 
elements of the new world image. 

The world image of quantum physics stands in 
approximately the same relation to classical physics 
as Huygens’ wave optics stand to Newton’s cor¬ 
puscular or ray optics. The latter meets a great 
many instances, but it fails in others; and similarly 
classical or corpuscular mechanics is now seen to 
be no more than a special instance of the more 
general wave mechanics. In place of the material 
point of the classical system an infinitely narrow 
parcel of waves is found, i.e., a system of numerous 
waves interfering with each other in such a way as 
to cancel each other everywhere in space except at 
the place occupied by the material point. 

The laws of wave mechanics differ, of course, 
fundamentally from those of classical mechanics 
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with its material points. It is an essential fact, how¬ 
ever, that the magnitude which is characteristic for 
the material waves is the wave function, by means 
of which the initial conditions and the final con¬ 
ditions are completely determined for all times and 
places. Definite rules of calculation are available 
for this purpose; it is possible to employ Schroe- 
dinger’s operators, Heisenberg’s matrices, or 
Dirac’s Q-numbers. 

Thus the introduction of wave functions solves 
the difficulty mentioned above, which arose when 
we asked how a single electron behaved when im¬ 
pinging on a crystal. The question then was whether 
it was reflected or penetrated the sheet. The imping¬ 
ing electron cannot divide into several parts; the 
waves, however, which are substituted for it can do 
so, so that interference becomes possible between 
the waves reflected at the front and those reflected 
at the back. Hitherto such a process was entirely 
incomprehensible: now it occurs in accordance with 
laws which can be exactly formulated. 

We see then that there is fully as rigid a deter¬ 
minism in the world image of quantum physics as 
in that of classical physics. The only difference is 
that different symbols are employed and that dif¬ 
ferent rules of operating obtain. Accordingly the 
same happens in quantum physics as we saw pre- 
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viously happening in classical physics. The un¬ 
certainty in forecasting events in the world of the 
senses disappears and in its place we have an un¬ 
certainty with regard to the connection between the 
world image and the world of the senses. In other 
words, we have the inaccuracy arising from a 
transfer of the symbols of the world image to the 
sense-world and vice versa. The fact that physicists 
have been willing to put up with this double in¬ 
accuracy is an impressive demonstration of the 
importance of maintaining the rule of determinism 
within the world image. At the same time a critical 
observer may well consider the price paid for the 
preservation of strict causality to he rather high. A 
superficial consideration shows how wide is the dis¬ 
tance between the world image and the sense-world 
of quantum physics, and how much more difficult it 
is in quantum physics to translate an event from the 
world image into the sense-world and vice versa. 
Things are no longer as simple as they were in 
classical physics. There the meaning of each symbol 
was entirely clear; the position, the velocity, and 
the energy of a material point could be established 
more or less directly by measurement, and there 
was no apparent reason why it should not be as¬ 
sumed that any remaining inaccuracy would eventu¬ 
ally be reduced below any given limit in the course 
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of the progressively growing accuracy of the meth¬ 
ods of measurement. The wave function of quantum 
mechanics, on the other hand, affords us in the first 
instance no help at all for an interpretation of the 
world of the senses; and while the term wave is 
expressive and suitable, it must not be allowed to 
disguise the fact that its meaning in quantum 
physics is totally different from that which it for¬ 
merly had in classical physics. In classical physics 
a wave is a definite physical process, a movement 
perceptible by the senses or an alternating electrical 
field admitting of direct measurements, whereas in 
quantum physics it really denotes no more than the 
probability that a certain state exists. When a pho¬ 
ton or electron impinges on the sheet of crystal it 
is not these entities which are divided, and thus lead 
to the phenomena of interference; all that we have 
is the probability that the indivisible photon or 
electron is present. It is only when a vast number 
of photons or electrons are impinging that this 
magnitude denotes a perfectly definite number of 
photons or electrons. 

Such considerations have caused the indetermin- 
ists to renew their attacks on the law of causality. 
In the present instance they have some reason for 
expecting a certain positive success, since all meas¬ 
urements must have a merely statistical significance 


67 


PlLflXi- ~Plm.Sj-C.S- 



THE PHILOSOPHY OF PHYSICS 


so far as they relate to wave functions. Yet here again 
the champions of strict causality have the same 
means of escape as before. Once again they can as¬ 
sume that there is no definite meaning in inquiring 
after the significance of any given symbol of the 
world image of quantum physics (e.g., a material 
wave) unless it is stated at the same time how this 
significance is to be determined and what is the 
condition of the special measuring instrument used 
in order to apply the symbol to the world of the 
senses. It is customary for this reason to speak of 
the causal work of the measuring instrument em¬ 
ployed, by which it is meant that the inaccuracy is 
due at any rate in part to the fact that the magnitude 
to be measured is connected by some kind of law 
with the means by which it is measured. 

As a matter of fact every measurement, whatever 
the method of its employment, invariably interferes 
more or less with the event to be measured, as was 
seen above when we dealt with the electron in mo¬ 
tion whose path is interfered with when it is illumi¬ 
nated, the interference varying with the intensity 
of the illumination, and the illumination being es¬ 
sential for the measurement. Accordingly, when a 
given material wave at various times corresponds to 
various events in the world of the senses, the reason 
is that the sensuous meaning of the material wave 
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does not depend solely upon the wave itself but also 
depends on the reciprocal interference between the 
wave and the measuring instrument. 

The above assumption gives a new development 
to the entire question, the further course of which 
is as yet uncertain. For now the indeterminists can 
fairly ask whether the concept of the causal in¬ 
fluence exerted by the measuring instrument upon 
the measured event has any rational meaning at all, 
in view of the fact that we are acquainted with the 
event only by measuring it, so that every measure¬ 
ment brings about a fresh causal interference—in 
other words, a fresh disturbance of the event. Thus 
it looks as though it must be impossible to dis¬ 
tinguish between the “event in itself” and the ap¬ 
paratus by which it is measured. 

This objection does not, however, meet the case. 
Every experimental physicist is aware that there are 
indirect as well as direct methods and that in many 
instances where the latter failed, the former have 
rendered useful services, And it is even more im¬ 
portant that a word should be said to refute a wide¬ 
spread and plausible opinion which holds that a 
problem in physics deserves to be examined only 
when it is certain in advance that it admits of a 
definite answer. If this rule had always been fol¬ 
lowed, the famous experiment made by Michelson 
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and Morley in order to measure the so-called ab¬ 
solute velocity of the earth would never have been 
undertaken, and we might well be without the 
theory of relativity to-day. The problem of the 
earth’s absolute velocity has for some time been 
seen to be somewhat insignificant: yet the trouble 
spent upon it has proved extremely useful for 
physics. It is all the more likely that it may prove 
worth while to pursue the problem of a strict cau¬ 
sality, since this question is far from being settled 
and might prove more fruitful than any other ques¬ 
tion in physics. 

The question then remains how we are to reach 

a decision. Clearly all that we can do is to adopt one 

of the two opposite views and to see whether it leads 

to useless or to fruitful results. To this extent it is 
* 

satisfactory to see that the physicists who interest 
themselves in this problem tend to fall into two 
schools, one of which tends towards determinism 
while the other tends towards indeterminism. It 
would seem that at present the latter constitute the 
majority, although it is not easy to be certain and 
changes may well occur in course of time. There 
might also be room for a third party which might 
take up a kind of mediating position, treating cer¬ 
tain concepts like those of electrical attraction, or 
gravitation, as possessing an immediate significance 
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and as being subject to strict laws while assuming 
others, like those of the light wave or material wave, 
to have a merely statistical meaning for the world of 
the senses. Yet such a view might be considered 
unsatisfactory because of its lack of unity, so that 
for the moment I propose to leave it aside and to 
deal with the two completely consistent points of 
view. 

When the indeterminist finds that the wave func¬ 
tions of quantum physics are simply statistical mag¬ 
nitudes his zeal is satisfied and he feels no impulse 
to ask further questions. Again, when dealing with 
radio-active processes, he is satisfied to find, e.g., 
that a given number of atoms of any radium com¬ 
bination decompose on an average per second, and 
he does not ask why one atom happens to be de¬ 
composing now while its neighbor may survive a 
thousand years. On the other hand a definite natural 
law like Coulomb’s law of electrical attraction is 
an unsolved problem for him since he cannot rest 
satisfied with Coulomb’s method of expressing the 
potential and is compelled to look for exceptions. 
He rests satisfied only when he has succeeded in 
establishing the degree of probability that the elec¬ 
trical force differs from Coulomb’s value by a cer¬ 
tain given amount. 

The determinist’s standpoint is diametrically 
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opposite in each detail; he is satisfied with Cou¬ 
lomb’s law of electrical attraction because it is 
entirely definite, but he recognizes the wave func¬ 
tions as magnitudes having a probable value only so 
long as the apparatus is disregarded by which the 
wave is produced or analyzed. Further, he looks for 
a strict law governing the relations between the 
properties of the wave functions and the events in 
the bodies standing in a relation of reciprocal cau¬ 
sality with the wave. For this purpose he must, of 
course, study all these bodies as well as the wave 
function, and he must transfer not only the entire 
experimental apparatus used for the production of 
the material waves—high-tension battery, incan¬ 
descent wire, and radio-active material—but also 
the measuring apparatus, the photographic plate, 
the ionization chamber and Geiger’s counter to¬ 
gether with all the events occurring therein into his 
physical world image: and he must treat all these 
objects as constituting one single field of study, as a 
complete totality. 

Of course this does not constitute a settlement of 
the problem; the problem, on the contrary, has for 
the moment become all the more complicated. It is 
not permissible to cut the structure in pieces, nor is 
any external interference permitted under penalty 
of destroying its uniqueness, so that a direct study 
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of it is altogether impossible. On the other hand, we 
are now in a position to make certain novel hy¬ 
potheses with regard to the internal events and sub¬ 
sequently to check the consequences. The future 
will show whether any advance is possible on these 
lines, and at the moment we cannot clearly see in 
what direction the advance is likely to lead. It may, 
however, be regarded as certain that Planck’s quan¬ 
tum constitutes an objective limit beyond which the 
physical measuring instruments we possess cannot 
reach, and which will prevent us for all time from 
understanding the full causality of the most delicate 
physical processes “in themselves,” i.e., apart from 
their origin and their effects. 

In a way it would seem that we have now reached 
the end of our consideration, in the course of which 
we found that a strictly causal way of looking at 
things—“causal” being taken in the modified sense 
explained above—is wholly compatible with mod¬ 
ern physics although its necessity cannot be demon¬ 
strated either a priori or a posteriori. Yet even here 
an objection occurs calculated to prevent a con¬ 
vinced determinist from being entirely satisfied with 
the interpretation of causality here introduced. In¬ 
deed, the objection is more likely to appeal to a 
determinist than to other persons. Even though we 
should succeed in developing the concept of causal- 
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ity on the lines here described, it will permanently 
be vitiated by a grave and fundamental defect. We 
were enabled to carry through the determinist view 
of the universe only by substituting the physical 
world image for the immediate world of the senses. 
Now the world image is due to our imagination and 
is of a provisional and changeable character; it is 
an emergency concept, hardly worthy of a funda¬ 
mental physical notion, and the question arises 
whether it might be possible to endow the concept 
of causality with a more deep and direct significance 
by making it independent of the introduction of an 
artificial human product. This could be done by 
applying it, not to the physical world image but 
immediately to the experiences of the world of the 
senses. We shall, of course, have to maintain our 
original proposition, to the effect that an event is 
causally determined if we can accurately predict it: 
otherwise we would be surrendering our principle, 
which was to begin solely from actual experience. 
At the same time we are also compelled to accept 
our second proposition, which was that it was never 
possible to predict any event. It follows, in the same 
way as we saw above, that the first proposition must 
be somewhat modified if we wish to retain causality 
in nature. So far everything remains unchanged. 
The possibility now, however, arises of substituting 
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a different and in a sense a contrary modification 
for the one hitherto adopted. 

What we modified above was the object of the 
prediction, i.e., the event. What we did there was to 
refer the events not to the immediately given world 
of the senses but to a fictitious world image, by 
which process we were enabled to achieve an exact 
determination of the events. Now it is equally pos¬ 
sible to modify the subject of the prediction, i.e., 
the predicting intellect. Every prediction implies a 
predicting person. In the subsequent argument I 
propose to concentrate upon the predicting subject 
and to treat the immediately given events of the 
world of the senses as object. An artificial world 
image will not be introduced at all. 

It is easy to appreciate that the accuracy of a 
prediction largely depends on the individuality of 
the predictor. To revert to a weather forecast: it 
makes all the difference whether to-morrow’s 
weather is foretold by somebody who knows noth¬ 
ing about the atmospheric pressure, the direction of 
the wind, and the moisture and temperature of the 
air, or by a practical farmer who notes all these 
things and has a long experience beside, or finally 
by a trained meteorologist who has weather charts 
from every part of the world, with exact data apart 
from this local information. The forecasts made by 


7 5 >. 





THE PHILOSOPHY OF PHYSICS 
this series of prophets will show a diminishing de¬ 
gree of inaccuracy. That being so, we are induced 
to assume that an ideal intellect having complete 
knowledge of to-day’s physical events in all places 
should be in a position to foretell to-morrow’s 
weather with complete accuracy. The same applies 
to every forecast of physical events. 

Such an assumption implies an extra-polation, 
a generalization which can neither be proved nor 
disproved by logical processes, and which conse¬ 
quently can be judged, not in accordance with its 
truth, but only in accordance with its value. From 
this point of view the impossibility of foretelling an 
event with complete accuracy in any single in¬ 
stance, whether we assume the standpoint of clas¬ 
sical or quantum physics, appears to be the natural 
consequence of the fact that man with his senses 
and his apparatus is himself a part of nature to 
whose laws he is subjected. An ideal intellect is not 
so bound. 

It might be objected that this ideal intellect it¬ 
self is only a product of our thoughts and that the 
thinking brain is composed of atoms obeying 
physical laws. This objection will not bear close 
investigation. It is certain that our thoughts can 
carry us beyond any natural law known to us and 
that we can imagine connections between events 
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which go far beyond those obtaining in physics. If 
it is claimed that the ideal intellect can exist only 
in the human brain, and would vanish with the 
disappearance of the latter, then in order to be 
consistent it would also have to be claimed that the 
sun and the whole external world in general can 
only exist in our senses, since these are the only 
source of scientific cognition. Yet every reasonable 
person must be convinced that the sun’s light would 
not be diminished in the least even if the whole of 
mankind were to perish. 

For we must take care not to regard the ideal 
spirit as ranking with ourselves; we have no right 
to ask it how it acquires the knowledge enabling it 
to foretell exactly future events, since such in¬ 
quisitiveness might well meet with the reply: “You 
resemble the spirit which you can grasp, you do 
not resemble me.” If the inquirer should remain 
obstinate despite this answer and should insist that 
the notion of an ideal spirit if not illogical, is at 
any rate void of content and superfluous, then we 
may fairly reply that a proposition is not scientifi¬ 
cally valueless merely because it lacks logical 
foundation, and that such narrow formalism ob¬ 
structs the source from which men like Galileo, 
Kepler, Newton, and many other great physicists 
drew their scientific inspiration. Consciously or 
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unconsciously a devotion to science was a matter of 
faith for these men; they had an unshakable faith 
in a rational order of the world. 

At the same time such a belief is not compulsory: 
we cannot order men to see the truth or prohibit 
them from indulging in error. Yet the simple fact 
that we are enabled, if only to a limited extent, to 
subject future natural events to our intellectual 
operations, and to guide them in accordance with 
our will, would necessarily remain a wholly un¬ 
intelligible mystery if it did not allow us to have, 
at any rate, a premonition of a certain harmony be¬ 
tween the outer world and the human spirit. Logi¬ 
cally the extent which we attribute to the realm 
of this harmony is a question of secondary im¬ 
portance. The most perfect harmony and conse¬ 
quently the strictest causality in any case, culmi¬ 
nates in the assumption that there is an ideal spirit 
having a full knowledge of the action of the natural 
forces as well as of the events in the intellectual life 
of men; a knowledge extending to every detail and 
embracing present, past, and future. 

It may be asked what becomes of human free 
will on this assumption, and it may be suspected 
that by it man is degraded to the rank of a mere 
automaton. The question is a natural one, and 
though I have had various opportunities of dealing 
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with it, it is so important that I am unwilling to let 
the present opportunity pass without briefly dealing 
with it. In my opinion there is not the slightest 
contradiction between the domination of a strict 
causality in the sense here adopted and the free¬ 
dom of human will. The fact is that the principle 
of causality on the one hand and free will on the 
other refer to totally different matters. We saw 
above that we must assume the existence of an 
ideal and omniscient spirit if a strict causality is to 
be upheld in physical events; on the other hand, 
the question of free will is one for the individ¬ 
ual consciousness to answer: it can be determined 
only by the ego. The notion of human free will 
can mean only that the individual feels himself to 
be free, and whether he does so in fact can be 
known only to himself. Such a state of affairs is 
entirely compatible with the fact that his motives 
could be comprehended in every detail by an ideal 
spirit. A feeling that such a state of affairs is 
derogatory to the ethical dignity of the individual 
implies an obliviousness of the vast difference be¬ 
tween the ideal spirit and the intelligence of the 
individual. 

Perhaps the most impressive proof that the indi¬ 
vidual will is independent of the law of causality 
will be found if the attempt is made to determine 
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in advance the subject’s own motives and actions 
on the sole basis of the law of causality—by a 
method of intense introspection. Such an attempt 
is condemned to failure in advance because every 
application of the law of causality to the will of the 
individual and every information gained in this 
way is itself a motive acting upon the will, so that 
the result which is being looked for is continually 
being changed. Hence it would be a complete mis¬ 
take to attribute the impossibility of forecasting 
the subject’s actions on purely causal lines to a 
lack of knowledge which might be overcome if the 
individual intelligence were suitably increased. 
Such an inference is analogous to the process of 
ascribing the impossibility of simultaneously de¬ 
termining exactly the position and the velocity of 
an electron to the inadequacy of our methods of 
measuring. The impossibility of foretelling the 
subject’s actions on purely causal lines is not based 
on any lack of knowledge, but on the simple fact 
that no method by whose application the 'object 
is essentially altered can be suitable for the study 
of this object. 

In consequence intellectual man can never have 
recourse to the principle of causality to determine 
his acts of will; for this purpose he must refer to 
a totally different law, namely, the law of ethics. 
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which is based on a different foundation and can¬ 
not be comprehended solely by scientific methods. 

Scientific thought always requires a certain dis¬ 
tance and a clear separation as between the think¬ 
ing subject and the object of his thought, and this 
distance is best guaranteed by the assumption of 
an ideal spirit. Now such a spirit can only be sub¬ 
ject and can never be object. 

It may be said that it constitutes an unsatis¬ 
factory negation if we are prohibited from making 
the ideal spirit the object of our thoughts; and it 
may be added that this may be too high a price to 
pay for a rigorous determinism. Yet the price is not 
as dear as that which the indeterminists have to 
pay in order to carry through their view of the 
universe; for these thinkers are compelled to set a 
limit to their impulse for knowledge at a much 
earlier stage, since they renounce the attempt to 
set up laws valid for individual cases—a degree of 
resignation so surprising that one asks how it comes 
about that so many physicists have declared their 
allegiance to the doctrine of indeterminism. The 
explanation, unless I am mistaken, is of a psycho¬ 
logical nature. On each occasion when a new idea 
of any importance is brought forth in science, it is 
tested in every direction, and if it is found valu¬ 
able the attempt is made to make it the foundation 
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of an intellectual system as comprehensive and as 
self-contained as possible. Such was the fate of the 
theory of relativity and such is the present condi¬ 
tion of the quantum theory. At its present stage 
quantum physics has culminated in the doctrine 
of wave functions and for this reason there is a 
tendency to assign a certain definitive significance 
to the wave functions. Now the wave function in 
itself is no more than a probable magnitude, and 
accordingly attempts are made to represent the 
search for this probability as being an ultimate 
and supreme task. In this way the concept of prob¬ 
ability is made the ultimate foundation of the whole 
of physics. 

I think it unlikely that this manner of for¬ 
mulating the question will continue to satisfy in the 
future. Even in the intellectual sphere, where the 
laws enunciate probabilities to a much greater 
extent than do the laws of physics, no individual 
event is considered as fully and scientifically ex¬ 
plained until light has been thrown on its causal 
origin; it is much less probable that it will prove 
possible to continue to eliminate the question of 
causality in the sphere of the natural sciences. 

It is true that the law of causality cannot be 
demonstrated any more than it can be logically re¬ 
futed: it is neither correct nor incorrect; it is a 
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heuristic principle; it points the way, and in my 
opinion it is the most valuable pointer that we 
possess in order to find a path through the confu¬ 
sion of events, and in order to know in what direc¬ 
tion scientific investigation must proceed so that it 
shall reach useful results. The law of causality lays 
hold of the awakening soul of the child and compels 
it continually to ask why; it accompanies the 
scientist through the whole course of his life and 
continually places new problems before him. 
Science does not mean an idle resting upon a body 
of certain knowledge; it means unresting en¬ 
deavor and continually progressing development 
towards an aim which the poetic intuition may 
apprehend, but which the intellect can never fully 
grasp. 
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SCIENTIFIC IDEAS 
THEIR ORIGIN AND EFFECTS 


It will be well to begin with some words of ex¬ 
planation on the subject of the present chapter. The 
origin and effect of scientific ideas may seem a 
somewhat general and also a somewhat arrogant 
theme; it might even be suggested that it would 
have been better had I confined myself to the ideas 
of natural science. Yet if I had so confined myself 
the ideas with which I propose to deal would have 
been restricted in a manner which I consider un¬ 
necessary and unnatural. Looked at correctly sci¬ 
ence is a self-contained unity; it is divided into 
various branches, but this division has no natural 
foundation and is due simply to the limitations of 
the human mind which compel us to adopt a divi- 
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sion of labor. Actually there is a continuous chain 
from physics and chemistry to biology and an¬ 
thropology and thence to the social and intellectual 
sciences, a chain which cannot be broken at any 
point save capriciously. Again, the methods used in 
the various branches are found, if closely con¬ 
sidered, to have a strong inner resemblance, and if 
they appear to differ, it is only because they have 
to he adapted to the different subjects which they 
treat. This inner resemblance has become more 
and more evident in recent times, to the great ad¬ 
vantage of the whole of science. Hence I consider 
myself entitled to begin with considerations apply¬ 
ing to the whole of science; although of course 
when I pass to more particular applications I shall 
tend to confine myself to my own subjects. 

Let me begin by asking how a scientific idea 
arises and what are its characteristics. In asking 
these questions I cannot attempt, of course, to 
analyze the delicate mental processes taking place 
in the investigator’s mind and, what is more, largely 
in his subconscious mind. These processes are 
mysteries which can be revealed only to a limited 
extent if at all, and it would be equally foolish and 
rash to attempt any study of their inmost nature. 
The most that we can do is to begin with the obvious 
facts, which means that we investigate those ideas 
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which have actually proved their leavening force 
for any branch of science; and this in turn means 
that we ask in what form they first occurred and 
what was their content at that time. 

The first result of such an investigation is the 
discovery of the following rule: any scientific idea 
arising in the mind of a scholar is based on a con¬ 
crete experience, a discovery, an observation, or a 
fact of any kind, whether it is a physical or an 
astronomical measurement, a chemical or a bio¬ 
logical observation, a discovery among the archives 
or the excavation of some valuable relic of an earlier 
civilization. The content of the idea consists in this 
experience being compared and being brought into 
contact with certain different experiences in the 
mind of the scholar, in other words, in the fact 
that it establishes a link between the old and the 
new, so that a number of facts which had hitherto 
co-existed loosely are now definitely inter-related. 
The idea becomes fruitful and hence attains value 
for science if the interconnection thus established 
can be applied more generally to a series of cognate 
facts: for the establishment of an interconnection 
creates order, and order simplifies and perfects the 
scientific view of the universe. What is most im¬ 
portant, however, is that the task of applying the 
new idea in its entirety shall lead to new questions 
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and hence to new studies and to new successes. 
And this is true of the physicist’s hypotheses no less 
than of the interpretations established by the phi¬ 
lologist. 

I propose now to exemplify the above in some 
detail, and in doing so I desire to confine myself to 
my own subject of physics. The angle of vision may 
appear somewhat restricted; on the other hand I 
shall be able to throw a clearer light upon the 
subject. 

A classical example of the sudden emergence of 
a great scientific idea is found in the story of Sir 
Isaac Newton who, sitting under an apple tree, was 
reminded by a falling apple of the movement of 
the moon around the earth and thus connected the 
acceleration of the apple with that of the moon. 
The fact that these two accelerations are to each 
other as the square of the radius of the moon’s 
orbit is to the square of the earth’s radius, sug¬ 
gested to him the idea that the two accelerations 
might have a common cause and thus provided 
him with a foundation for his theory of gravitation. 

Similarly, James Clerk Maxwell, on comparing 
the strength of a current measured electromagneti- 
cally with the strength of a current measured 
electrostatically, found that the ratio between these 
two magnitudes agreed numerically with the speed 
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of light, and thus formed the idea that electromag¬ 
netic waves are of the same nature as light waves. 
This agreement became the starting-point of his 
electromagnetic theory of light. 

We thus find that it is a characteristic of every 
new idea occurring in science that it combines in 
a certain original manner two distinct series of 
facts; and this can be traced in every instance, 
though certain differences occur with regard to con¬ 
tent and formation. These differences in turn bring 
about differences in the effect and the fate of the 
different scientific ideas. Some of them eventually 
become the common property of science, are taken 
for granted and cease to be stressed. Such has been 
the fate of the two ideas just mentioned: of New¬ 
ton’s idea about the similarity between the accelera¬ 
tion of the moon and the gravitational acceleration 
on earth; and of Maxwell’s idea about the electro¬ 
magnetic nature of light. It is true that a good deal 
of time had to elapse before the latter idea won 
acceptance; at first, it tended to be disregarded, 
especially in Germany, where Wilhelm Weber’s 
theory, which was based on the assumption of 
immediate action at a distance, held the stage. It 
was not until Heinrich Hertz made his brilliant ex¬ 
periment with ultra-rapid electric oscillations that 
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Maxwell’s theory obtained the recognition it de¬ 
served. 

Other ideas which have become the lasting heri¬ 
tage of science are those which hold that sound 
waves are of a mechanical nature and that rays of 
light and heat are identical. Teachers of physics 
tend to deal all too briefly with these ideas, and 
they should be reminded that there was a time 
when these ideas were far from being common¬ 
places. The second of the two just mentioned was 
indeed for years the subject of fierce controversy. 
It may be mentioned as a curiosity that the scientist 
whose experiments contributed most to its success 
—the Italian physicist, Macedonio Melloni—began 
by being one of its opponents, an instructive ex¬ 
ample showing that scientific values are independ¬ 
ent of their theoretical interpretation. 

But most of the ideas which play a part in 
science are different from those enumerated. The 
latter were perfect when they first took shape and 
will always retain their validity unchanged; these 
others assume their final form gradually, retain 
their value for a time and eventually either die or 
are modified to a more or less considerable degree. 
Frequently enough they resist modification and this 
resistance tends to be obstinate in proportion to 
their past successes: there have been occasions 
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when this resistance has sensibly hampered the 
progress of science. Physics offers some instructive 
examples which it may be worth while to discuss 
in detail. 

I propose to begin with the idea of the nature 
of heat. 

The first stage in the development of the theory 
of heat consisted in calorimetry. It was based on 
the assumption that heat behaves like a delicate 
substance which flows from the hotter to the colder 
body whenever there is contact between two bodies 
having different temperatures. No quantitative 
change is supposed to take place during this proc¬ 
ess. This hypothesis worked well so long as no 
mechanical effects entered into play. A difficulty 
consisted in the production of heat by friction or 
compression, and this it was sought to overcome 
by assuming that the capacity of bodies for heat 
was variable, so that heat could be pressed out of 
a body under compression, like water being pressed 
out of a wet sponge, during which process the 
quantity of water remains unchanged. Later, when 
the invention of heat-utilizing power systems made 
more urgent the question of the laws governing 
the production of mechanical work from heat, Sadi 
Carnot tried to formulate the production of work 
out of heat on the analogy of the production of 
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work out of gravity. As the falling of a weight from 
a greater to a less height can produce work, so the 
transition from a higher to a lower temperature 
can be used for the same purpose; and as the work 
obtained from gravitation varies as the weight of 
the body and the difference in height, so the work 
produced by heat varies as the amount of heat 
transferred and the difference in temperature. 

This materialist theory of heat received a shock 
from the empirical fact that a body’s capacity for 
heat remains practically unaffected by compression 
and by friction; and it was finally refuted by the 
discovery of the mechanical heat equivalent, the 
significance of which consists in the fact that heat 
is dissipated in friction and new heat is produced 
in compression. The older theories of heat were 
thus reduced ad absurdum and it became necessary 
to build up a new theory. This task was under¬ 
taken by Rudolf Clausius and it was fulfilled in a 
number of classical works in which the second 
main principle of thermal dynamics was estab¬ 
lished. This principle presupposes that there are 
irreversible processes, i.e., processes which cannot 
in any way whatever be reversed. Now the conduc¬ 
tion of heat, friction, and diffusion are among these 
processes. 

Carnot’s theory to the effect that the transition 
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from a higher to a lower temperature was analogous 
to the falling of a weight from a higher to a lower 
level was not, however, to be so easily refuted. 
There were physicists who considered Clausius’ 
ideas unnecessarily complicated and vague and who 
objected particularly to the introduction of the idea 
of irreversibility, by which a unique position among 
the various kinds of energy was assigned to heat. 
Accordingly they formed the theory of energetics 
in opposition to Clausius’ thermo-dynamics. The 
first principle of this theory agrees with that of 
Clausius in enunciating the preservation of energy; 
the second principle, however—that which indi¬ 
cates the sense of events—postulated a thorough¬ 
going analogy between the transition from a 
higher to a lower temperature and the falling of a 
weight from a higher to a lower level, or again, the 
passing of electricity from a higher to a lower poten¬ 
tial. Hence it came about that irreversibility was 
declared superfluous in order to prove the second 
principle, and that the existence of an absolute 
zero was denied, it being pointed out that tem¬ 
perature resembled levels of height and levels of 
potential in that only differences and nothing abso¬ 
lute could be measured. The fundamental distinc¬ 
tion which consists in the fact that a pendulum 
swings past the position of equilibrium before com- 
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ing to rest and that a spark passing between two 
conductors having opposite charges oscillates, 
whereas there is no such thing as an oscillation of 
heat between two bodies between which heat is 
passing, was considered irrelevant by the energetist 
school and was passed over in silence. 

I myself experienced during the ’80’s and ’90’s 
of the last century what the feelings of a student are 
who is convinced that he is in possession of an 
idea which is in fact superior, and who discovers 
that all the excellent arguments advanced by him 
are disregarded simply because his voice is not 
powerful enough to draw the attention of the 
scientific world. Men having the authority of Wil¬ 
helm Ostwald, Georg Helm, and Ernst Mach were 
simply above argument. 

The change originated from a different side 
altogether: atomism began to make itself felt. The 
atomic idea is extremely old; but its first adequate 
formulation took shape in the kinetic gas theory 
which originated more or less contemporaneously 
with the discovery of the mechanical heat equiva¬ 
lent. The energetists at first opposed it vigorously, 
and it led a modest existence; towards the end of 
last century, however, experimental investigation 
led to its rapid success. According to the atomist 
idea the transference of heat from the hotter to 
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the colder body does not resemble the falling of a 
weight; what it resembles is a mixing process, as 
when two different kinds of powder in a vessel, 
having first constituted different layers, eventually 
mingle with each other if the vessel is continually 
shaken. If this happens the powder does not oscil¬ 
late between a state of complete mixture and com¬ 
plete isolation of the constituent powders; what 
happens is that the change takes place once in a 
certain sense, viz., in the direction towards complete 
mixture, and is then at an end: the process is an 
irreversible one. Seen in this light the second prin¬ 
ciple of thermo-dynamics is found to be of a statis¬ 
tical nature: it states a probability. The arguments 
supporting this view and indeed raising it beyond 
any doubt have been well stated by my colleague. 
Max von Laue. 

The historical development here described may 
well serve to exemplify a fact which at first sight 
might appear somewhat strange. An important 
scientific innovation rarely makes its way by gradu¬ 
ally winning over and converting its opponents: it 
rarely happens that Saul becomes Paul. What does 
happen is that its opponents gradually die out and 
that the growing generation is familiarized with the 
idea from the beginning: another instance of the 
fact that the future lies with youth. For this reason 
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a suitable planning of school teaching is one of the 
most important conditions of progress in science. 
Accordingly, I should like to deal briefly here with 
this point. 

What is learned at school is not as important as 
how it is learned. A single mathematical proposi¬ 
tion which is really understood by a scholar is of 
greater value than ten formulae which he has 
learned by heart and even knows how to apply, with¬ 
out, however, having grasped their real meaning. 
The function of a school is not so much to teach 
a business-like routine as to inculcate logical and 
methodical thought. It may be objected that ulti¬ 
mately it is the ability to do things rather than 
knowledge that matters; and it is true that the 
latter is valueless without the former, just as any 
theory is ultimately important only by reason of 
its particular applications. Yet routine can never 
be a substitute for theory, for in any cases that 
fall outside the rule, routine breaks down. Hence 
the first requisite, if good work is to be done, is a 
thorough elementary training; and here it is not 
so much the quantity of facts learned as the manner 
of treatment that matters. Unless this preliminary 
training is acquired at school, it is hard to obtain 
it at a later stage: training colleges and universi¬ 
ties have other tasks. For the rest, the last and 
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highest aim of education is neither knowledge nor 
the ability to do things, but practical action. Now 
practical action must be preceded by the ability to 
act, and the latter in turn demands knowledge and 
understanding. The present age, which lives at 
such a rapid rate, and shows so much interest for 
every innovation having an immediate sensational 
effect, provides us with instances where scientific 
training tends to anticipate certain exciting results 
before they have properly ripened; for the public 
is favorably impressed if the curriculum of an inter¬ 
mediate school already contains modern problems 
of scientific investigation. Yet such a practice is 
exceedingly dangerous. The problems cannot pos¬ 
sibly be dealt with thoroughly, and the consequence 
may easily be to induce a certain intellectual super¬ 
ficiality and empty pride in knowledge. I should 
consider it extremely dangerous if the intermediate 
schools were to deal with the theory of relativity 
or the quantum theory. Specially gifted scholars 
always require exceptional treatment; but the cur¬ 
riculum is not designed for such, and I would 
definitely condemn any attempt to take such a ques¬ 
tion as that of the universal validity of the prin¬ 
ciple of the preservation of energy—which, of 
course, to-day is seriously regarded as an open one 
in nuclear physics—and to treat it as debatable 
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before pupils who cannot have properly grasped 
the meaning of the principle involved, much less 
its potential scope. 

The results of such an up-to-the-minute method 
of teaching become all too plain when we consider 
the way in which the breakdown of the exact 
sciences is occasionally spoken of to-day. It is char¬ 
acteristic of the prevalent confusion that there are 
numbers of inventive minds busying themselves 
to-day upon devices which aim at the unlimited 
production of energy or the utilization of the 
fashionable mysterious earth rays. And it is even 
more surprising that credulous persons provide 
ample funds for such inventors, while really valu¬ 
able and hopeful scientific investigations are 
hampered or actually stopped by lack of means. A 
thorough school training might here prove a useful 
remedy, and this would apply to the patrons no 
less than to the inventors. 

After this educational digression I should like 
to deal briefly with another physical idea whose 
varying fate may prove even more instructive than 
the changes undergone by the theory of heat. What 
I have now in mind is the idea of the nature of light. 

The study of the nature of light began with the 
measurements of the speed of light. The idea which 
led Newton to his emanation theory established a 
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comparison between a ray of light and a jet of 
water; the velocity of light was compared with the 
velocity of particles of water flying in a straight 
line. This hypothesis, however, failed to give an 
account of the phenomenon of light interference, 
i.e., of the fact that two rays of light meeting at a 
point can in certain circumstances produce dark¬ 
ness at this point. Accordingly the emanation 
theory was given up and its place was taken by 
Huygens’ theory of undulations, where the under¬ 
lying idea is that light is propagated like a wave of 
water which spreads concentrically in all directions 
from its point of origin at a velocity which, of 
course, is not connected in any way with the velocity 
of the particles of water. This theory succeeded com¬ 
pletely in accounting for the phenomena of inter¬ 
ference: two waves on impinging on each other 
can cancel each other whenever the crest of one 
wave impinges on the trough of another. However, 
this theory, too, did not last longer than a century. 
The undulation theory failed to explain the effect 
at a great distance of a ray of light having a short 
wave length. The intensity of light decreases as the 
square of the distance, so that if light is radiated 
equally in all directions it is impossible to under¬ 
stand how a ray is capable of producing, even at a 
very great distance, a quantity of energy which is 
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entirely independent of its intensity, and which is 
relatively very considerable in the case of short 
waves like those of Rontgen rays or Gamma rays. 
Such powerful effects combined with extremely 
feeble intensity become intelligible only if we 
imagine the energy of light to be concentrated upon 
distinct, unchangeable particles or quanta. In a 
sense, this is a return to Newton’s hypothesis of 
light particles. 

At present, then, the position is an exceedingly 
unsatisfactory one. We have two theories facing 
each other like two equally powerful rivals. Each 
possesses keen weapons, and each has a vulnerable 
spot. It is hard to foretell the ultimate issue, but it 
is probably correct to say that neither theory will 
prove completely victorious. It is more likely that 
in the end a higher standpoint will be reached, 
where we shall be able to survey clearly the claims 
and the deficiencies of each of the two hypotheses. 

Such a standpoint can probably be found only if 
we intensify our search for the source of all ex¬ 
perience, which would mean in the present case 
that we would turn our attention to the measure¬ 
ment of optical phenomena. This in turn would 
imply that we would turn our investigation upon 
the actual measuring instruments, a step which, in 
principle, is of enormous importance since it may 
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be described as the introduction of totality into 
physics. According to this principle the laws of an 
optical phenomenon can be completely under¬ 
stood only if the peculiarities of the process of 
measurement are studied as well as the physical 
events at the points where the light originates and 
spreads. The measuring instruments are not merely 
passive recipients simply registering the rays im¬ 
pinging upon them: they play an active part in the 
event of measuring and exert a causal influence 
upon its result. The physical system under con¬ 
sideration forms a totality subject to law only if 
the process of measuring is treated as forming part 
of it. 

How progress is to be made by this road is a 
difficult question and of much importance for the 
future. In order to appreciate its significance I pro¬ 
pose to extend the scope of my survey, to go beyond 
the special conditions of optics and to approach 
the problem from a more general point of view. 

Is it at all possible to predict with confidence the 
mutations of any scientific idea? Is it possible to 
claim that there is so much as an approximate law 
governing the development of scientific ideas ? 
Looking back on the historical development of 
events one is tempted to suspect such a law, on con¬ 
sidering that many important ideas began by exist- 
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ing in the dark, uncomprehended by the many and 
at best dimly foreseen by a few students who were 
in advance of their age; but that once mankind had 
become ripe for them, they came to life suddenly 
and simultaneously in a number of different places. 
The principle of the preservation of energy can be 
traced back for centuries in a rudimentary form; 
but it was not until the middle of last century 
that the principle was given a scientifically prac¬ 
tical foundation, more or less simultaneously, by 
four or six students between whom there was no 
connection whatever. We may probably assert that 
even if Julius Robert Mayer, James Prescott Joule, 
Ludwig August Colding, and Hermann von Helm¬ 
holtz had not been living at that time, the principle 
of the preservation of energy would, nevertheless, 
have been discovered only a little later. I would 
even venture to assert much the same of the origin 
of the modern theory of relativity or the quantum 
theory, were I not reluctant to face the obvious re¬ 
joinder that such prophecies after the event are 
somewhat cheap. I consider the inevitable element 
of such a process to consist in the fact that with 
the spread of experimentation and the improve¬ 
ments in methods of measurement, theoretical in¬ 
vestigation has been forced in a certain direction 
almost automatically. 
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Yet there could be no greater mistake than to 
assume that the laws governing the growth and 
effect of scientific ideas can ever be reduced to an 
exact formula valid for the future. Ultimately any 
new idea is the work of its author’s imagination, 
and to this extent progress is tied to the irrational 
element at some point even in mathematics, the 
most exact of the sciences; for irrationality is a 
necessary component in the make-up of every 
intellect. 

If we bear in mind that any given idea is due to 
a given experience, we shall find it natural that the 
present time, so rich in numbers of new events, has 
proved a fruitful soil for the production and pro¬ 
mulgation of new ideas. If, further, we consider that 
whenever an idea is formulated a relation is estab¬ 
lished between two different events, we shall find, 
even by the formal rules of combinations, that the 
number of possible ideas exceeds by an order of 
magnitude the number of available events. 

Another circumstance explaining the vast output 
of scientific ideas at the present day possibly con¬ 
sists in the fact that owing to the spread of unem¬ 
ployment there are many lively intellects which ex¬ 
perience a desire for productive work, and welcome 
a pre-occupation with general theoretical and 
philosophical problems as a cheap and satisfactory 
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escape from the emptiness of their everyday exist¬ 
ence. Valuable results, unfortunately, are rare ex¬ 
ceptions. I do not exaggerate when I say that hardly 
a week passes in which I do not receive one or more 
papers of varying length from members of every 
profession—teachers, civil servants, writers, law¬ 
yers, doctors, engineers, architects—with a re¬ 
quest for my opinion. A thorough examination of 
these would take up all and more than all of my 
spare time. 

These communications can be divided into two 
classes. The first is entirely naive and their authors 
have never considered that a new scientific idea 
to be valuable must be based on certain facts, so 
that specialized knowledge is essential for their 
formulation. The authors of these contributions, on 
the other hand, imagine that they have a fine 
prophetic gift enabling them to guess the truth 
direct, never suspecting that every important dis¬ 
covery is preceded by a period of hard individual 
work. These people, on the other hand, imagine 
that a happy fate has allowed the desired fruit to 
drop into their lap in the way in which Newton, sit¬ 
ting under the apple tree, received the idea of 
universal gravitation. What is worse is that these 
visionaries float above the surface, never pene¬ 
trating to the depths, and are too ignorant scientifi- 
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cally to be capable of seeing their error. The 
dangers which flow from them should not he under¬ 
estimated. It is satisfactory to note that modern 
youth shows a growing interest in general questions 
and in the acquisition of a satisfactory view of life; 
but for this very reason it should never be forgotten 
that such a view is baseless and doomed to sudden 
destruction unless it has a firm foundation in 
reality. Anyone desirous of obtaining a scientific 
view of the world must first acquire a knowledge of 
the facts. 

To-day the individual student can no longer form 
a comprehensive view of every department of 
science and in most instances he must take his facts 
at second-hand. It is all the more important that 
he should be master of one trade and have an inde¬ 
pendent judgment on his own subject. Personally, 
as a member of the philosophical faculty, I have 
always asked that candidates for a philosophical 
doctorate should give evidence of special knowl¬ 
edge in one given special science. Whether this 
department belonged to the natural sciences or to 
the intellectual sciences is not important: what is 
important, is that the candidate should have ac¬ 
quired by actual study an idea of scientific method. 

It is generally easy to demonstrate the worthless¬ 
ness of the type of papers just mentioned; but there 
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is another class which requires much more serious 
attention because the authors are careful students 
turning out excellent work in their special field. 

The scale of scientific work being such as it is 
to-day, specialization continually becomes more in¬ 
tense and consequently the more serious student 
experiences a desire to look beyond the limits of his 
own subject and to apply the knowledge acquired 
to other departments of science. There is thus a 
tendency to link two distinct departments by one 
idea which seems convincing to the student, who 
in this way transfers the laws and methods with 
which he has grown familiar within his own sphere 
to an alien one whose problems he thus tries 
to solve. There is especially among mathemati¬ 
cians, physicists, and chemists, a tendency to em¬ 
ploy their own exact methods in order to throw 
light on biological, psychological, and sociological 
questions. Yet it must not be forgotten that such 
a new intellectual bridge to be sound requires both 
its pillars to be securely founded: it cannot fulfill 
its purpose unless the further pillar, too, has a 
proper foundation. In other words, it does not 
suffice for an ingenious student to be thoroughly 
acquainted with his original subject; if his more 
widely ranging ideas are to be fruitful, he must also 
have some knowledge of the facts and problems of 
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the other sphere to which he is applying his idea. 

This deserves all the more emphasis because every 
expert tends to exaggerate the importance of his 
special field in proportion to the length of time 
spent on it and to the difficulties encountered. And 
once he has discovered the solution of a problem, 
he tends to exaggerate its scope and to apply the 
solution to cases of a totally different nature. 

Those who feel the desire to take up a higher stand¬ 
point than that which their own restricted field 
allows them, should never forget that there are 
students at work in other departments of science 
who are working with equal care and under equal 
difficulties although with different methods. The 
history of every science shows how frequently this 
rule is disregarded. In selecting my examples, how¬ 
ever, I shall take care to confine myself to physics 
in order to avoid the mistake I have just been 
criticizing. 

Among the more general ideas of physics there 
is practically none which has not been transferred 
with more or less skill to some other sphere by 
means of some association of ideas, an association 
depending frequently enough merely upon such 
contingent externals as terminology. Thus the term 
“energy” leads students to apply the physical con¬ 
cept of energy and with it the physical proposition 
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enunciating the preservation of energy to psychol¬ 
ogy, and serious attempts have been made to 
subject the cause and degree of human happiness 
to certain mathematically formulated laws. The 
same must be said of attempts to apply the prin¬ 
ciple of relativity outside physics, e.g., in esthetics, 
or even in ethics. Yet there could be nothing more 
misleading than the meaningless statement that 
everything is relative. The proposition does not 
apply even in physics. All the so-called universal 
constants—the mass or the charge of an electron or 
a proton, or Planck’s quantum—are absolute mag¬ 
nitudes: they are the fixed and unchangeable 
components of which the structure of atomism is 
built up. Of course a magnitude which once was 
considered absolute has often been found to be 
relative later; but whenever this happened another 
and more fundamental absolute magnitude was 
substituted. Unless we assume the existence of 
absolute magnitudes no concept can be defined and 
no theory can be formed. 

The second principle of thermo-dynamics, the 
principle of the increase of entropy, has frequently 
been applied outside physics. For example, at¬ 
tempts have been made to apply the principle that 
all physical events develop in one sense only to 
biological evolution, a singularly unhappy attempt 
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so long as the term evolution is associated with the 
idea of progress, perfection, or improvement. The 
principle of entropy is such that it can only deal 
with probabilities and all that it really says is that 
a state, improbable in itself, is followed on an 
average by a more probable state. Biologically in¬ 
terpreted, this principle points towards degenera¬ 
tion rather than improvement: the chaotic, the 
ordinary, and the common is always more probable 
than the harmonious, the excellent, or the rare. 

Besides the misleading ideas which we have been 
considering there is another class which consists of 
those ideas which, looked at carefully, are seen to 
have no meaning at all. These play a fairly im¬ 
portant part in physics, too. A comparison between 
the movement of an electron around a proton and 
the movement of a planet around the sun has 
caused investigators to study the velocity of the 
electron, although later investigation showed that 
it is completely impossible to answer these two 
questions simultaneously. Once again we see the 
danger of applying ideas and propositions which 
have proved their value in one department of sci¬ 
ence to another, and we perceive how great is the 
need of care in testing and formulating a new idea. 

Yet there is also a theoretical side to the matter, 
of which it is now high time to speak. If a new idea 
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were to be admitted only when it had definitely 
proved its justification, or even if we merely de¬ 
manded that it must have a clear and definite mean¬ 
ing at the outset, then such a demand might gravely 
hamper the progress of science. We must never 
forget that ideas devoid of a clear meaning fre¬ 
quently gave the strongest impulse to the further 
development of science. The idea of an elixir of 
life or of the transmutation of base metals gave rise 
to the science of chemistry; that of perpetual mo¬ 
tion to an intelligent comprehension of energy; 
the idea of the absolute velocity of the earth gave 
rise to the theory of relativity, and the idea that 
the electronic movement resembled that of the 
planets was the origin of atomic physics. These 
are indisputable facts, and they give rise to thought, 
for they show clearly that in science as elsewhere 
fortune favors the brave. In order to meet with 
success it is well to aim beyond the goal which 
will eventually be reached. 

Looked at in this light the ideas of science wear 
a new aspect. We find that the importance of a 
scientific idea depends, frequently enough, upon its 
value rather than on its truth. This applies, e.g., to 
the concept of the reality of an external world or 
to the idea of causality. With both the question is 
not whether they are true or false, but whether 
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they are valuable or valueless. This fact will 
appear all the more striking if we consider that 
the values of an objective science like physics are, 
to start with, wholly independent of the objects 
to which they relate; and the question arises 
how it comes about that the importance of a phys¬ 
ical idea can be fully exploited only if we take its 
value into consideration. 

In my opinion the only possible method avail¬ 
able here is that which we followed when dealing 
with optics, a method applicable not only to physics, 
but to every department of science. We must go 
back to the source of every science, and we do this 
when we remember that every science requires 
some person to build it up and to communicate it 
to others. And this means once again the introduc¬ 
tion of the principle of totality. 

In principle a physical event is inseparable from 
the measuring instrument or the organ of sense 
that perceives it; and similarly a science cannot be 
separated in principle from the investigators who 
pursue it. A physicist who studies experimentally 
some atomic process interferes with its course in 
proportion as he penetrates into its details, and the 
physiologist who subdivides a living organism into 
its smallest parts injures or actually kills it; by the 
same token the philosopher, who in examining a 
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new idea confines himself to asking to what extent 
its meaning is evident a priori, hampers the further 
development of science. Hence a positivism which 
rejects every transcendental idea is as one-sided as 
a metaphysics which scorns individual experience. 
Each method has its justification, and each can be 
carried through consistently; but if carried to an 
extreme they paralyze the progress of science be¬ 
cause they prohibit the asking of certain funda¬ 
mental questions, although they do so for opposite 
reasons: positivism, because the questions are 
meaningless, and metaphysics, because the answer 
to them is already available. The rivalry between 
the two parties will never be decided in favor of 
either, and in the course of history success has 
always wavered between the two. A century ago 
metaphysics enjoyed a hegemony which was fol¬ 
lowed by a melancholy collapse. To-day positivism 
is striving after the leading position, which it will 
fail to obtain just as metaphysics failed. 

Nobody had a deeper sense of this persistent 
antagonism than Goethe, who struggled with it all 
his life and has given it masterly expression in a 
number of different forms. He tried to overcome 
this antagonism by rising to the concept of totality, 
the introduction of which does justice to both views. 
Yet even Goethe’s all-embracing mind was subject 
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to the limits of time; he declined to admit the dis¬ 
tinction between the rays of light in external space 
and the sensation of light in consciousness, and 
hence was prevented from doing justice to the bril¬ 
liant progress made by physical optics in his time. 
Nevertheless, on observing the modern introduc¬ 
tion of the idea of totality in physics, he might see 
in this change a confirmation of his way of thought. 

Thus we observe, what we have already observed 
on several occasions, that there is an irrational core 
at the center of science which no intelligence can 
solve, and which no modern attempt at limiting by 
definition the tasks of science can remove. At first 
such a state of affairs may appear strange and un¬ 
satisfactory; on reflection, however, it will be seen 
that it could not be otherwise. For a close examina¬ 
tion will show that every science really tackles its 
task at the center and not at the beginning, and 
that it is compelled to grope its way more or less 
laboriously towards the beginning without any hope 
of ever quite reaching it. Science does not find 
ready-made the concepts with which it operates: it 
has to form them artificially and their perfecting 
is a gradual process. It draws its material from life 
and it reacts upon life; its impulse, its consistency, 
and its vitality came from the ideas at work in it. 

It is the ideas which place before the student the 
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problems with which he deals, which impel him to 
work without cease, and which enable him correctly 
to interpret the results he obtains. Without ideas 
investigation becomes aimless and the energy ex¬ 
pended upon it is wasted. Ideals alone make 
a physicist of an experimenter, an historian of a 
chronicler, and a philologist of a graphological ex¬ 
pert. We have already seen that the truth or falsity 
of an idea and the question whether it has a defi¬ 
nite meaning is relatively unimportant: what mat¬ 
ters is that it shall give rise to useful work. In 
science, as in every other sphere of cultural de¬ 
velopment, it is the work done which is the sole 
certain criterion of the health and the success of the 
individual as well as of the community. Accord¬ 
ingly, I wish to conclude these observations on the 
growth and effect of scientific ideas by quoting 
words in praise of work as applied to science; words 
which the Association of German Engineers, justly 
appreciating its theoretical and practical value, has 
made into its motto: “What is needed is investi¬ 
gation.” 
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A vast volume of experiences reaches each one 
of us in the course of a year; such is the progress 
made in the various means of communication that 
new impressions from far and near rush upon us in 
a never-ending stream. It is true that many of them 
are forgotten as quickly as they arrive and that 
every trace of them is often effaced within a day; 
and it is as well that it should be so: if it were other¬ 
wise modern man would be fairly suffocated under 
the weight of different impressions. Yet every per¬ 
son who wishes to lead more than an ephemeral 
intellectual existence must be impelled by the very 
variety of these kaleidoscopic changes to seek for 
some element of permanence, for some lasting in- 
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tellectual possession to afford him a point d’appui 
in the confusing claims of everyday life. In the 
younger generation this impulse manifests itself in 
a passionate desire for a comprehensive philosophy 
of the world; a desire which looks for satisfaction 
in groping attempts turning in every direction 
where peace and refreshment for a weary spirit is 
believed to reside. 

It is the Church whose function it would be to 
meet such aspirations; but in these days its de¬ 
mands for an unquestioning belief serve rather to 
repel the doubters. The latter have recourse to 
more or less dubious substitutes, and hasten to 
throw themselves into the arms of one or other 
of the many prophets who appear preaching new 
gospels. It is surprising to find how many people 
even of the educated classes allow themselves to be 
fascinated by these new religions—beliefs which 
vary from the obscurest mysticism to the crudest 
superstition. 

It would be easy to suggest that a philosophy of 
the world might be reached from a scientific basis; 
but such a suggestion is usually rejected by these 
seekers on the ground that the scientific view is 
bankrupt. There is an element of truth in this sug¬ 
gestion, and, indeed, it is entirely correct if the 
term science is taken in the traditional and still 
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surviving sense where it implies a reliance on the 
understanding. Such a method, however, proves 
that those who adopt it have no sense of real sci¬ 
ence. The truth is very different. Anyone who has 
taken part in the building up of a branch of science 
is well aware from personal experience that every 
endeavor in this direction is guided by an unpre¬ 
tentious but essential principle. This principle is 
faith—a faith which looks ahead. It is said that 
science has no preconceived ideas: there is no say¬ 
ing that has been more thoroughly or more disas¬ 
trously misunderstood. It is true that every branch 
of science must have an empirical foundation: but it 
is equally true that the essence of science does not 
consist in this raw material but in the manner in 
which it is used. The material always is incomplete: 
it consists of a number of parts which however 
numerous are discrete, and this is equally true of 
the tabulated figures of the natural sciences, 
and of the various documents of the intellectual 


sciences. 

The material must therefore be completed, and 
this must be done by filling the gaps; and this in 
turn is done by means of associations of ideas. And 
associations of ideas are not the work of the under¬ 
standing but the offspring of the investigator’s 
imagination—an activity which may be described as 
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faith, or, more cautiously, as a working hypothesis. 
The essential point is that its content in one way or 
another goes beyond the data of experience. The 
chaos of individual masses cannot be wrought into 
a cosmos without some harmonizing force and, 
similarly, the disjointed data of experience can 
never furnish a veritable science without the intelli¬ 
gent interference of a spirit actuated by faith. 

The question now arises whether this deeper 
view of the various sciences can provide us with a 
philosophy of the world fit to be applied to the 
problems of life. The best answer to this question 
is furnished by reference to certain great scientists 
who accepted this view and who, in fact, found that 
it rendered them this service. Among many other 
investigators whose straitened existence was ren¬ 
dered supportable and even illustrious by science, 
I would mention in the first place Johann Kepler. 
Looked at from without the whole of his life was 
hampered by penury, disappointments, and dis¬ 
tress: he was “by poverty oppressed”: in the last 
year of his life he was compelled to appeal to the 
Diet at Regensburg for payment of the imperial 
pension, then long overdue. Perhaps his greatest 
trial came when he was forced to defend his mother 
against a charge of witchcraft. And what supported 
him in all this trouble, and rendered him capable 
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of work, was the science he served: not the figures 
relating to his astronomical observations, but the 
belief which he drew from them in the rule of 
rational laws in the universe. It is instructive to 
compare his case with that of his master and chief, 

Tycho Brahe. The latter had the same scientific 
knowledge and disposed of the same observed facts: 
what he lacked was faith in the eternal laws and 
so it came about that Tycho Brahe remained one 
meritorious investigator among others, while 
Kepler became the founder of modern astronomy. 

Another name occurring in this connection is 
that of Julius Robert Mayer, the discoverer of the me¬ 
chanical heat equivalent. Mayer was not oppressed 
by financial troubles as Kepler was; but he suffered 
all the more from the neglect of his theory of the 
conservation of energy: in the middle of last cen¬ 
tury every scientist displayed the greatest suspicion 
of everything that had a flavor of natural phi¬ 
losophy. Yet Mayer remained undismayed by the 
silence with which he was met, and found consola¬ 
tion not so much in his knowledge as in his faith. 

In the end he lived to find the representatives of his 
department of science—the Society of German 
Naturalists and Physicists, among them Hermann 
Helmholtz—giving public expression to the recog- 
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nition which had so long been denied him.* We 
find then in these and many similar instances an 
active faith at work, and we see that this faith is 
the power which gives their real effectiveness to 
the individual data of science. We may even go a 
step further and claim that a prophetic faith in the 
deeper harmony can render valuable services at the 
earliest stage—the stage of gathering the data. 
This faith points the way and sharpens the senses. 
An historian looking for documents in the archives 
and studying what he discovers, or an experi¬ 
menter who pursues his work in the laboratory and 
scrutinizes his results, frequently finds the progress 
of his work facilitated—more especially when he 
comes to distinguish essentials from unessentials— 
if he possesses a more or less deliberate intellectual 
attitude which guides his investigations and serves 
to interpret the results. His experience then re¬ 
sembles that of a mathematician who discovers and 
formulates a new proposition before he can prove it. 

There still remains a danger, and one which is 
perhaps the gravest that can lie in wait for the 
investigator. It should not be passed over in this 
connection. It consists in the fact that the given 
data may be falsely interpreted or even ignored. If 
this happens, science becomes a falsehood, an 


* This was at the Annual Meeting of 1869, at Innsbruck. 
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empty structure which collapses at the first shock. 
Innumerable scientists, both young and old, have 
succumbed to this danger in their enthusiasm for 
a scientific conviction. The danger is as grave to-day 
as ever it was; and the only remedy against it con¬ 
sists in respect for facts. The more fruitful a 
thinker’s imagination is, the more careful he should 
be never to forget that the different facts invari¬ 
ably form the foundation without which science 
cannot exist; and the more carefully must he ask 
himself whether he is treating them with due re¬ 
spect. 

It is only when we have planted our feet on the 
firm ground which can be won only with the help 
of the experience of real life, that we have a right 
to feel secure in surrendering to our belief in a 
philosophy of the world based upon a faith in the 
rational ordering of this world. 
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